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EVALUATION 


Evolution  of  the  Defense  Communications  System  from  an  analog  system  through  a 
hybrid  (analog/digital)  configuration  to  an  all  digital  posture  is  a  transitional 
process  which  will  span  the  next  two  decades.  In  order  to  properly  design  future 
computer  controlled,  adaptive,  digital  communications  systems,  with  associated 
system  control  capabilities,  additional  technique  development  is  required  in  the 
area  of  Electronic  Counter  Measures  signal  detection,  discrimination,  and 
identification.  The  principal  aim  of  this  study  was  to  assess  the  capability  of  the 
&  .eband  Eye  Monitor  (BEM),  developed  under  another  RADC  contract,  to 
discriminate  and  identify  various  types  of  jamming  signals.  Extensive  laboratory 
tests  were  conducted  and  distribution  curves  were  developed  from  the  BEM 
measurements.  Test  runs  accomplished  for  the  different  signal  types  show  that,  in 
general,  discrimination  from  a  graphical  viewpoint  is  possible  for  the  signal  types 
considered. 

Based  on  detailed  analysis  of  all  the  study  results,  it  is  concluded  that  the  BEM  can 
indeed  discriminate  signals  which  have  different  probability  distributions, 
independent  of  associated  power  levels.  However,  although  the  BEM  is  quite 
effective  even  when  the  signal  distributions  are  quite  close,  signals  whose  distribu¬ 
tions  are  essentially  the  same  cannot  be  differentiated. 

In  conclusion,  the  work  accomplished  under  this  effort  clearly  establishes  that  the 
BEM  is  capable  of  discriminating  and  identifying  a  variety  of  jamming  type  signals 
and  as  such  has  potential  utility  in  future  ECM  signal  monitoring  systems. 
However,  in  view  of  observed  BEM  difficulties  in  handling  interfering  signals  which 
are  (1)  pulsing  rapidly  compared  to  the  measurement  time,  (2'  not  stable  and 
repeatable  over  the  measurement  time,  and  (3)  of  essentially  the  same  distribution 
(except  for  repeatable  noise),  the  BEM  approach  must  be  viewed  as  a  compli¬ 
mentary  rather  than  an  independent  discrimination/identification  capability. 

The  study  results  will  be  used  as  inputs  to  on-going  efforts  in  projects  2155  and 
2157. 

£ 

ARNOLD  E.  ARGENZIA 
Project  Engineer 
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Section  1 


BACKGROUND  DISCUSSION  AND  SUMMARY 


1.1  PRIOR  WORK  ON  THE  BASEBAND  EYE  MONITOR  (BEM) 

An  extensive  description  of  the  BEM  equipment,  its  design,  lab¬ 
oratory  tests,  and  field  test  are  summarized  in  RADC-TR-77-431 , 
Final  Technical  Report,  January  1978,  Reference  1.  The  report 
was  part  of  and  summarized  work  done  by  Honeywell  under  the  ATEC 
Digital  Adaptation  Study,  Development  and  Field  Evaluation  - 
Digital  Automated  Technical  Control. 

1.1.1  Baseband  Eye  Pattern  Monitor  Functional  Description 

The  Phase  I  ATEC  Digital  Adaptation  Study  recommended  that  a 
device  be  developed  tor  monitoring  those  properties  of  a  digital 
baseband  which  directly  relate  to  signal  quality.  It  was  fur- 
thei  indicated  that  the  existing  ATEC  Baseband  Monitor  was  a 
viable  candidate  for  the  adaptation  for  several  reasons.  First, 
it  provides  selectable  inputs  as  would  be  required  in  a  digital 
system.  Second,  the  frequency  range  is  correct,  except  for  a 
possible  downward  extension  of  the  low  frequency  range.  Lastly, 
the  output  circuitry  is  suitable  for  providing  a  performance 
related  voltage  for  measurement  by  the  existing  Measurement 
Acquisition  Controller,  of  such  parameters  as  eye  pattern 
dispersion,  eye  hits,  and  eye  amplitude. 

Typically,  the  output  from  the  degradation  monitor  is  either  an 
analog  voltage  proportional  to  the  degree  of  eye  pattern  clo¬ 
sure,  ol  a  derived  bit  error  rate  which  is  a  gross  extension  of 
the  basic  error  rate.  In  either  case,  the  applique  unit,  of 
which  the  degradation  monitor  is  a  part,  will  perform  the  nec¬ 
essary  signal  measurement  to  achieve  compatibility  with  the  MTS 
option  interface.  The  analog  voltage  output  from  the  first  men¬ 
tioned  type  should  be  measured  with  a  resolution  on  the  order  of 
1  percent,  which  is  possible  even  with  very  simple  A/D  conver¬ 
sion  techniques.  The  pseudo  error  output  from  the  second  type 
must  be  counted  to  give  events  per  unit  time,  and  buffered. 

The  eye  pattern  monitors,  in  general,  reflect  a  "smoothed"  mea¬ 
sure  of  system  performance.  The  output  of  the  device  itself 
contains  a  significant  amount  of  information.  It  can  be  easily 
trended  to  .identify  deteriorating  system  operation.  In  order  to 
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maximize  the  value  of  its  use,  however,  the  eye  pattern  data 
must  be  correlated  with  other  monitored  parameters  such  as  other 
estimates  of  bit  error  rate  and  radio  alarms. 

In  an  all  digital  network,  such  as  the  f'KV  system,  the  Bit  Error 
Rate  (BER)  is  to  the  end  user  the  ultimate  measure  of  commu¬ 
nication  quality. 

The  most  powerful  indirect  technique  for  BIR  estimation  is  the 
use  of  the  eye  pattern  monitor.  The  output  of  the  baseband 
monitor  is  designed  to  be  compatible  with  the  ATEC  MTS  option 
interface.  An  important  feature  of  this  form  of  BER  measurement 
is  that  it  provides  a  good  estimate  even  in  extremely  low 
(<10“9)  BER  environments. 

This  section  provides  the  study  and  design  rationale  and  math¬ 
ematical  proofs  involved  in  the  conception,  design,  construction 
and  testing  of  the  Basebana  Eye  Monitor  (BEM). 


1.1.2  Inadequacy  of  Output  Error  Counting  for  Degradation 
Measuring 


Digital  communication  links  are  intentionally  designed  to  have 
as  large  a  tolerance  to  noise  and  other  signal  degradations  as 
practicable.  A  system  can  have  such  a  large  built-in  tolerance 
that  it  will  still  run  error  free  even  with  one  or  more  elements 
severely  degraded.  primary  objective  of  performance  mon¬ 
itoring  is  to  detect  such  degradations  so  that  they  may  be  cor¬ 
rected  before  the  digital  link  begins  to  make  errors.  It  is 
obvious  that  the  desired  information  for  meeting  this  objective 
cannot  be  obtained  by  examining  the  digital  output  because  the 
objective  is  to  detect  degradations  while  this  output  is  still 
error  free.  Presumptive  tests  which  remove  digital  links  from 
service  long  enough  to  run  test  sequences  through  them  for  mea¬ 
suring  error  rate,  as  well  as  error  detecting  and  correcting 
codes,  have  valid  applications  in  performance  monitoring;  how¬ 
ever,  they  are  not  adequate  for  measuring  performance  margin 
under  error  free  conditions  because  they  give  no  indication  of 
degradations  until  they  have  become  bad  enough  to  cause  errors 
in  the  received  data.  An  ideal  degradation  monitoring  technique 
should  be  capable  of  detecting  degradations  before  they  become 
large  enough  to  cause  errors  in  the  received  data. 


The  ability  to  detect  signal  degradations  before  they  become 
large  enough  to  cause  errors  in  the  received  messages  is  vitally 
important  for  both  analog  and  digital  channels;  however,  the 
channel  user's  ability  to  detect  gradually  increasing  degrada¬ 
tions  and  anticipate  loss  of  the  channel  is  far  better  for 


analog  voice  channels  than  digital  communication  links.  In  ana¬ 
log  communication  links,  such  as  voice  channels,  the  channel  in¬ 
duced  noise  and  distortion  are  delivered  to  the  user  along  with 
the  desired  signal;  hence,  these  degradations  can  be  detected  by 
the  user.  These  degradations  are  detectable  by  the  user  at 
power  levels  several  decades  lower  than  the  level  at  which  they 
make  tie  channel  unusable  by  lowering  the  intelligibility  index 
of  the  voice  signal  below  an  acceptable  level.  Thus,  in  analog 
communic_fion  channels  there  is  typically  a  large  margin  between 
the  level  at  which  noise  and  distortion  is.  detectable  and  that 
at  which  it  becomes  intolerable.  Furthermore,  the  user  of  a 
voice  channel  can  readily  estimate  the  degree  of  channel  degra¬ 
dation  by  a  qualitative  estimate  ot  signal  intelligibility.  The 
user  of  a  digital  channel  is  presented  with  a  very  different  sit¬ 
uation  because  each  digital  receiver  in  the  communication  chain 
reshapes  the  digital  pulses  so  thee  the  symptoms  of  channel 
noise  and  distortion  are  removed  before  the  signal  is  forwarded. 

The  primary  effect  of  pulse  reshaping  between  the  links  of  the 
digital  communication  chain  is  to  reduce  the  message  error  rate 
by  stripping  off  noise  and  distortion  at  each  link  interface  so 
that  these  individual  link  induced  distortions  are  not  allowed 
to  accumulate  as  they  would  in  an  analog  system.  Thus,  even  if 
the  sum  of  the  noises  and  distortions  for  the  total  numoer  of 
links  is  so  large  as  to  produce  an  intolerable  error  rate  ior  an 
end-to-end  digital  system  using  no  intermediate  pulse  reshaping, 
it  is  often  possible  to  reduce  the  end-to-end  error  rate  to 
approximately  zero  by  stripping  off  the  noise  and  distortion  and 
regenerating  the  digital  signal  at  selected  locations  m  the 
chain.  As  long  as  the  cumulative  degradation  in  each  individual 
link  is  kept  below  the  critical  level  for  that  link,  each  link 
will  run  error  free,  and  hence,  the  eno-to-end  channel  will  run 
error  free.  On  the  other  hand,  if  the  degradation  in  one,  sev¬ 
eral,  or  all  of  these  links  is  -(ust  slightly  below  the  critical 
level  at  which  it  begins  to  produce  errors,  there  will  be  no  in¬ 
dication  of  this  impending  problem  in  the  error-free  data  stream 
delivered  to  the  user.  Thus,  the  pulse  reshaping  in  digital  sys¬ 
tems  is  advantageous  in  that  it  can  help  reduce  the  ertor  rate 
of  the  system;  however,  it  removes  symptoms  of  channel  degra¬ 
dation  from  the  output  data  signal.  Since  the  digital  output 
signal  gives  no  indication  of  degradation  until  errors  actually 
occur  in  the  output,  the  user  whe  has  nothing  but  the  receiver 
digital  signal  to  work  with  has  no  means  of  estimating  how  close 
the  channel  degradations  are  to  the  critical  levels  until  alter 
one  or  more  of  those  levels  has  been  exceeded. 
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The  inability  of  the  user  to  detect  gradual  channel  degradations 
until  they  are  large  enough  to  produce  errors  in  the  received 
digital  data  stream  would  be  less  objectionable  if  there  were  a 
greater  separation  between  the  degradation  level  at  which  the 
error  rate  becomes  just  barely  measurable  and  that  at  which  it 
becomes  intolerable.  Assuming  that  the  degrading  factor  is 
additive  uncorrelated  Gaussian  noise,  then  the  amplitude  of  the 
noise  will  be  distributed  in  accordance  with  the  cumulative 
Normal  probability  function  plotted  in  Figure  1-1.  Observe  that 
the  probability,  P(z<t),  of  the  normally  distributed  noise  ampli¬ 
tude,  z,  exceeding  an  arbitrary  threshold,  t,  decreases  so  rap¬ 
idly  with  increasing  t  that  even  when  using  a  seven  decade  semi¬ 
log  scale,  the  probability  function  crosses  the  plot  vertically 
more  than  seven  times  (indicating  more  than  49  decades)  as  the 
amplitude  of  t  is  changed  less  than  24  db  (1.2  decades).  As  a 
consequence  of  this  extremely  rapid  change  of  P(zNt)  with  re¬ 
spect  to  t,  the  bit  error  rate  of  a  digital  receiver  can  change 
very  rapidly  with  respect  to  small  changes  in  the  amplitude  of 
the  additive  Gaussian  noise.  For  an  ordinary  PAM  (pulse  ampli¬ 
tude  modulated)  signaling,  it  can  be  shown  that  the  BER  (Baud 
error  rate;  that  is,  prouability  of  receiving  one  or  more  bits 
incorrectly  in  one  Baud)  for  additive  uncorrelated  Gaussian 
noise  can  be  computed  from  the  following  relations. 

BER=2(l-i)p  (.  > 

\  /  \  V  (L-  1)  N  /  (1-1) 


where 

L  E  number  of  levels  per  Baud 

z  normally  distributed  random  variable  with  mean  =  0  and 

variance  =1. 

£  signal  power  at  decision  circuit. 

E  noise  power  at  decision  circuit. 

P(z>. . . )  T  the  probability  plotted  in  Figure  1-1. 

For  the  most  common  types  of  partial  response  signaling  (Class  I 
with  n=2  and  Class  IV  with  n=3),  the  BER  can  be  computed  using 
the  similar  relationship  shown  below: 
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PROBABILITY  (z 


BER* 


(1-2) 


where 


*The  reason  that  the  above  equation  for  BER  requires  a 
0.91210  db  higher  signal  to  noise  ratio  than  that  given  on 
page  89  of  Reference  10  is  that  Lucky,  Salz  and  Weldon's 
equation  was  derived  for  measuring  SNR  at  the  receiver  input 
with  half  of  the  partial  response  shaping  in  the  transmitter 
and  half  in  the  receiver,  whereas  the  above  equation  is  for 
SNR  measured  at  the  decision  circuit  regardless  of  how  the 
partial  response  filtering  is  partitioned. 

To  clearly  illustrate  how  the  BER  can  change  from  a  value  essen¬ 
tially  equal  to  zero  to  a  value  so  large  as  to  be  intolerable 
for  a  relatively  small  change  in  signal  to  noise  ratio,  the  BER 
for  a  three-level  12.5  meg  bit/sec  partial  response  signal  has 
been  computed  and  the  results  are  presented  in  Table  1-1. 

TABLE  1-1.  BER  COMPUTATION 

Errors/Time  BER  Signal/( Noise)  db 


10,000  errors/second 

8  x  10-4 

13.31 

100  errors/second 

8  x  10"6 

15.89 

1  error/second 

8  x  10"6 

17.52 

1  error/minute 

1.33  x  10-9 

18.60 

1  error/hour 

2.22  x  10-11 

19.46 

1  error/day 

9.26  x  10-1 ^ 

20.04 

1  error/year 

2.54  x  10-16 

20.94 

1  error/century 

2.54  x  1O-I7 

21.53 
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Table  1-1  shows  that  the  difference  in  signal  to  noise  ratio 
(SNR)  for  100  errors  per  second  and  for  one  error  per  century  is 
only  5.54  db.  For  a  reasonably  accurate  performance  measurement 
it  is  necessary  to  observe  a  significatnt  number  of  errors  be¬ 
cause  the  standard  deviation  of  the  number  of  errors  measured 
per  sample  is  essentially  equal  to  the  square  root  of  the  ave¬ 
rage  number  of  errors  measured  per  sample.  For  example,  if  the 
average  number  of  errors  per  sample  is  100,  then  the  standard 
deviation  is  computed  as  y/100  =  10,  which  means  that  the  BER  is 
being  measured  with  error  of  about  10  percent,  one  sigma.  For 
measurement  periods  of  one  hour,  the  computed  error  rate  will  be 
based  on  error  observations  which  on  the  average  are  half  an 
hour  old  at  the  time  the  computation  is  made.  Also,  for  one 
hour  long  measurements,  the  percentage  error  in  the  measurement 
will  increase  rapidly  as  the  error  rate  drops  below  1  error  per 
minute.  The  signal  to  noise  ratio  producing  one  error  per  min¬ 
ute  is  only  2.71  db  lower  than  that  producing  100  errors  per 
second  which  is  not  considered  to  be  a  very  good  margin  for  a 
performance  degradation  detector  that  is  intended  to  predict 
rather  than  confirm  system  failure.  If  larger  error  sample  is 
taken  to  increase  the  margin  (measured  in  db)  of  the  monitor, 
the  measurement  will  take  longer  causing  an  even  longer  delay  in 
the  monitoring  process.  The  conclusion  Is  that  counting  errors 
in  the  output  data  stream  as  a  means  of  predicting  the  failure 
of  a  digital  system  suffering  gradual  degradation  leaves  a  lot 
to  be  desired.  Fortunately,  more  powerful  degradation  detection 
techniques  are  available  as  will  be  described  in  the  next 
section. 

1.1.3  Eye  Pattern  Measurements  for  Degradation  Monitoring 

The  eye  pattern  shown  in  Figure  1-2  was  obtained  by  taking  a 
time  exposure,  of  an  oscilloscope  presentation  of  the  voltage  at 
the  input  to  the  decision  circuit  of  a  VICOM  Tl-4000  multi¬ 
plexer.  At  the  sampling  times  the  voltage  ideally  would  be  at 
one  of  three  distinct  levels;  hence,  this  is  called  a  three- 
level  eye.  Ideally,  the  decision  circuit  will  sample  the  eye 
pattern  voltage  at  each  of  the  sampling  times  and  decide  whether 
an  upper,  center,  or  lower  level  signal  was  intended  to  be 
received  at  that  sampling  time.  Add:tive  noise  will  cause  the 
voxtages  to  deviate  from  their  ideal  values,  thus  widening  the 
lines  on  the  oscilloscope  picture  in  the  vertical  direction.  As 
the  noise  increases,  the  images  corresponding  to  the  upper, 
middle,  and  lower  levels  widen.  When  the  images  of  the  levels 
become  so  wide  that  there  is  no  longer  a  clear  separation  be¬ 
tween  levels,  the  decision  circuit  will  begin  to  misinterpret 
the  intended  message  which  causes  errors.  The  spaces  separating 
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the  images  of  the  various  levels  at  the  sampling  points  are 
called  the  "eyes".  When  signal  degradations  become  so  bad  that 
these  spaces  shrink  to  zero,  the  "eyes"  are  said  to  "close". 
When  the  eyes  are  closed,  the  receiver  will  be  making  errors. 


SAMPLING  TIMES 


A 


WIDTH  OF  UPPER  LEVEL 


h-  UPPER  LEVEL 


"EVE  OPENING- 


CENTER  LEVEL 


WIDTH  OF  CENTER  LEVEL 


LOWER  LEVEL 


FIGURE  1-2.  EYE  PATTERN  FOR  THREE  LEVEL 
PARTIAL  SIGNAL  RESPONSE 


The  size  of  the  eye  openings  relative  to  the  distances  between 
the  centers  of  adjacent  levels  expressed  as  a  "percentage  of  eye 
opening"  has  long  been  used  as  a  figure  of  merit  tor  performance 
measurement  and  it  is  a  good  one  if  its  limitations  are  under¬ 
stood.  First,  if  the  decision  voltage  levels  of  the  decision 
circuit  are  not  located  in  the  center  of  the  eye  vertically  and, 
second,  if  the  sampling  times  are  not  centered  in  the  eyes  hori¬ 
zontally,  then  the  receiver  will  begin  to  make  errors  before  the 
eye  is  totally  closed.  Third,  since  the  noise  typically  has  a 
Gaussian  amplitude  distribution,  the  width  of  the  levels  (and 


hence  the  percentage  of  eye  opening)  is  not  sharpiy  defined  be¬ 
cause  the  level  width  image  on  the  oscilloscope  can  be  varied 
from  about  ±1  sigma  depending  upon  the  intensity  setting  of  the 
oscilloscope  and  the  length  of  the  time  exposure  for  averaging 
time)  . 

These  three  limitations  may  be  overcome  by  proper  system  desiqn 
as  will  be  discussed  in  the  following  paragraphs.  The  tech¬ 
niques  to  be  discussed  apply  to  eye  patterns  with  any  number  of 
levels;  however,  the  discussions  will  be  concentrated  primarily 
on  the  three-level  case  because  the  two-level  case  is  too  simple 
to  display  generality  while  examples  involving  more  than  three 
levels  would  make  the  explanation  more  cumbersome  without  adding 
any  significant  degree  of  insight. 

Conceptually,  what  the  eye  pattern  monitor  should  do  is  to  mea¬ 
sure  the  probability  density  function  of  the  signal  perturba¬ 
tions  from  the  ideal  levels  so  that  the  desired  error  rates  and 
performance  margins  can  be  computed.  In  actual  practice,  point 
by  point  determination  of  the  probability  density  function  is 
too  expensive.  A  practical  alternative  is  to  assume  that  the 
distribution  of  the  perturbation  amplitudes  is  Gaussian  and  make 
some  measurement  from  which  the  rms  amplitude  of  the  distri¬ 
bution  may  be  inferred.  Since  there  are  several  common  condi¬ 
tions  such  as  additive  tones,  highly  correlated  intersymbol 
interference,  and  impulse  noise  for  which  the  distribution  of 
the  perturbations  deviates  significantly  from  Gaussian,  it  is 
desirable  to  augment  the  first  amplitude  measurement  with  a  sec¬ 
ond  measurement  which  can  either  indicate  that  the  distribution 
is  Gaussian  or  indicate  the  nature  of  its  deviation  from 
Gaussian. 

To  measure  the  signal  perturbations  from  the  nominal  levels,  it 
is  first  necessary  to  determine  the  exact  amplitude  of  the  nom¬ 
inal  levels  so  that  when  we  measure  the  distances  from  the 
nominal  reference  levels  to  the  observed  signals  we  will  be  mea¬ 
suring  signal  perturbations  only  —  not  perturbations  plus  or 
minus  the  error  in  measuring  the  ncminals.  Automatic  gain  con¬ 
trol  systems  based  on  measurement  of  signals  biased  by  noise 
(References  4,6,  and  8)  have  been  used  for  this  purpose  but  the 
nominal  level  of  the  signal  which  they  control  will  necessarily 
change  as  the  amount  of  noise  changes.  Another  example  of  how 
the  signal  level  may  become  dependent  upon  noise  amplitude  is 
the  BICOM  Tl-4000  multiplexer  which  uses  a  peak  clipping  circuit 
for  its  amplitude  sensing  signal  so  that  the  larger  the  noise 
the  smaller  the  signal  will  be.  The  system  concept  proposed 
here  for  measuring  the  nominal  levels  in  the  eye  pattern  degra¬ 
dation  monitor  is  to  adjust  the  reference  leveJ  of  a  comparator 
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with  a  feedback  loop  such  that  50  percent  of  the  samples  asso¬ 
ciated  with  that  level  fall  above  that  level  and  the  other  50 
percent  fall  below  that  level.  The  hardware  needed  to  implement 
this  concept  is  reasonably  simple. 

Conceptually,  it  would  be  possible  to  subtract  the  nominal 
levels  from  the  observed  levels  to  obtain  the  perturbation  ampli 
tudes,  compute  the  rms  value  of  these  amplitudes,  and  assume 
that  the  perturbations  are  normally  distributed  with  a  mean  of 
zero  and  a  standard  deviation  equal  to  the  measured  rms  value. 

In  actual  practice  it  would  be  difficult  to  mechanize  the  above 
system  for  a  12.5  megabaud/sec  receiver.  Also,  it  would  be 
desirable  to  make  some  additional  measurement  (such  as  rectified 
average  versus  rms)  to  test  the  distribution  for  deviation  from 
Gaussian.  For  building  a  device  which  will  measure  eye  quality 
at  12.5  megabaud/sec,  a  system  which  uses  one  or  more  additional 
comparators  offset  from  the  nominal  levels  to  sense  the  amount 
of  signal  perturbation  from  nominal  seems  to  be  a  practical  com¬ 
promise  between  complexity  and  performance. 

The  offset  threshold  monitors  described  in  References  5  and  6 
use  comparators  with  offset  thresholds  as  described  above  to 
measure  signal  quality  and,  therefore,  they  have  been  carefully 
analyzed  to  determine  their  capabilities  and  limitations.  From 
an  operational  viewpoint,  one  of  the  biggest  disadvantages  of 
this  mechanization  is  that  its  quality  output  signal  has  no  abso 
lute  scale  such  that  a  specific  output  voltage  would  have  a  spe¬ 
cific  meaning.  The  calibration  of  the  device  is  accomplished 
after  it  is  attached  to  the  specific  multiplexer  which  it  is  to 
monitor.  In  accordance  with  the  calibration  procedure,  all 
monitors  on  all  multiplexers  are  adjusted  to  indicate  a  signal 
quality  of  0.10  volt  at  the  end  of  calibration  regardless  of  in¬ 
dividual  variations  in  the  operating  conditions  of  the  various 
multiplexers  at  time  of  calibration.  To  take  an  absurd  example, 
if  a  signal  quality  monitor  indicated  a  problem  with  a  multi¬ 
plexer,  the  first  troubleshooting  step  might  be  to  check  the 
calibration  of  the  degradation  monitor  by  repeating  the  cali¬ 
bration  procedure;  in  which  case  the  symptom  of  trouble  would 
automatically  disappear  regardless  of  the  condition  of  the  multi 
plexer.  Assuming  that  a  calibration  technique  could  be  devel¬ 
oped  for  circumventing  the  above  problem,  the  existing  offset 
threshold  monitor  is  still  not  recommended  because  it  uses  a 
fixed  (adjusted  by  a  potentiometer  during  calibiation)  offset 
from  the  nominal  refeience  level  as  a  reference  voltage  for  the 
comparator  used  to  measure  "pseudo  error  rate".  .n  the  aid  of 
Figure  1-3,  the  measured  "pseudo  error  rate"  may  be  d. 'fined  as 
equal  to  the  number  of  samples  observed  between  upper  data  deci¬ 
sion  threshold  at  +d  volts  and  the  u^per  offset  thresholu  at 
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+(2d-a)  volts  plus  the  number  of  samples  observed  between  cor¬ 
responding  pair  of  lower  thresholds  -d,  and  -(2d-a)  divided  by 
the  number  of  sampling  periods  over  which  the  count  was  made. 
When  a  fixed  threshold  offset,  a,  is  used,  "pseudo  error  rate" 
measurements  suffer  from  the  same  rapid  changes  for  small 
changes  in  signal  to  noise  ratio  as  previously  described  for 
counting  actual  errors.  If  the  offset,  voltage,  a,  is  made  too 
large,  the  pseudo  error  rate  will  be  toe  small  to  make  accurate 
measurements  of  low  level  degradations.  If  the  offset  voltage, 
a,  is  made  too  small  the  error  rate  will  change  rapidly  for 
small  degradations  but  tend  to  remain  nearly  constant  at  nearly 
25  percent  (assuming  that  the  outer  signaling  levels  are  used  50 
percent  of  the  time)  for  large  noise  levels  in  the  amplitude 
range  of  greatest  interest  where  the  system  just  begins  to  make 
actual  errors.  In  either  case,  the  error  rate  variation  versus 
noise  level  is  a  highly  nonlinear  function  which  is  not  readily 
interpreted . 
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FIGURt  1-3.  DEFINITION  OF  LEVELS  FOR  OFFSET  THRESHOLD 
MONITORING  OF  THREE  LEVEL  EYE 


The  recommended  solution  to  the  dilemma  as  to  how  large  to  make 
the  voltage  offset,  a,  for  measuring  "pseudo  error  rate"  is  to 
design  a  closed  loop  system  which  adjusts  the  voltage  offset,  a, 
as  required  to  keep  the  pseudo  error  rate  constant.  From  Figure 
1-3  it  may  be  seen  that  the  thresholds  for  the  upper  pair  of 
pseudo  error  comparators  at  2d-a  and  d  volts  are  a  volts  and  d 
volts,  respectively,  below  the  nominal  upper  signal  level.  If, 
at  a  point  where  the  signal  is  supposed  to  be  at  its  upper 
level,  it  suffers  a  perturbation  in  the  negative  direction 
larger  than  a  and  less  than  d,  the  level  of  the  perturbed  signal 
will  fall  between  the  limits  defined  by  the  upper  pair  of  pseudo 
error  comparators  and,  thus,  be  counted  as  a  pseudo  error.  The 
exact  probability  of  counting  a  pseudo  error  is  not  determined 
here,  but  for  the  present  discussion  an  approximate  analysis 
will  be  meaningful.  Assuming  that  perturbations  larger  than  d 
volts  are  so  rare  compared  with  those  larger  than  a  as  to  be 
negligible,  the  probability  oi  counting  a  pseudo  error  when  the 
signal  is  nominally  at  the  upper  level  is  equal  to  the  prob¬ 
ability  that  the  amplitude  perturbation,  e,is  more  negative  than 
a.  To  maintain  the  same  pseudo  error  rate  when  the  rms  ampli¬ 
tude  of  e  is  doubled,  the  amplitude  of  a  must  be  doubled.  Thus, 
within  the  limits  of  our  approximation,  it  is  obvious  that  when 
a  is  adjusted  to  keep  the  pseudo  error  rate  constant  that  a  is 
directly  proportional  to  the  rms  amplitude  of  the  per turb. "  iohs 
e. 


1.1.4  Derivation  of  Voltage  Offset  Versus  Noise  for  Constant 
Pseudo  Error  Rates 


We  now  derive  the  relationship  shown  in  Figure  1-3  which  in¬ 
dicates  how  the  voltage  offset  a  (normalized  by  dividing  it  by 
d)  must  be  adjusted  to  keep  the  pseudo  error  rate  constant  as 
the  rms  noise  level  N  (normalized  by  dividing  it  by  a)  changes. 
This  relationship  is  derived  for  the  three  level  partial  re¬ 
sponse  signal.  It  is  assumed  that  noise  at  the  sample  points  is 
normally  distributed  with  a  mean  equal  to  zero  and  a  standard 
deviation  equal  to  N. 

It  is  further  assumed  that  two  pairs  of  comparators  are  used. 

One  pair  measures  the  number  of  samples  between  d  and  (2d-a) 
volts;  the  other  measures  the  number  of  samples  between  -d  and 
-(2d-a)  volts.  In  actual  ptactice,  the  pseudo  error  rate  mea¬ 
sured  by  the  upper  pair  of  comparators  may  differ  from  that 
measured  by  the  lower  pair  because  the  signal  waveform  may  be 
distorted  by  clipping  or  saturation  in  such  a  manner  that  only 
one  side  is  distorted.  For  this  reason,  it  is  considered 
necessary  to  use  two  sets  of  comparators  so  as  to  test  both  the 
top  and  bottom  levels  of  the  signal. 
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In  the  idealized  case  which  we  are  considering  here,  the  upper 
and  lower  comparator  sets  would  both  obtain  the  same  average 
number  of  pseudo  errors;  hence,  in  this  derivation,  we  shall 
derive  the  average  rate  for  the  top  pair  alone  and  then  multiply 
by  two  to  obtain  the  total  pseudo  error  rate. 

The  magnitude  of  each  received  voltage  sample  is  equal  to  its 
nominal  intended  magnitude  +2d,  0,  -2d  volts  plus  the  magnitude 
of  the  signal  perturbation,  e .  In  accordance  with  our  previous 
assumption, e  must  be  a  normally  distributed  random  variable  with 
mean  equal  to  zero  and  a  standard  deviation  equal  to  N.  The 
probability  of  a  particular  sampled  voltage  amplitude  falling 
between  d  and  2d-a  volts,  assuming  that  the  nominal  intended 
level  was  2d,  is  equal  to  the  probability  that  e is  of  the  proper 
size  to  cause  the  sampled  voltage  to  fall  within  the  specified 
range . 

p  (upper  pair  detects  pseudo  error  |  intended  level  =  2d) 

=  P  (d  _<  2d+  e  <  2a-a) 

=  P  (-d  s  c  *  -a) 

=  P  [-d/N  <  e/N  <  -a/N  |  e/N^N(0,l)] 

=  P  (d/N  <  z  jc  a/N  |  z  iN(  0,1)) 

=  Q ( a/N )  -  Q  (d/N)  (1-4) 

where 

Q  (t)  -  p  (z  >t  |  z  N  ( 0 , 1 )  ] 

=  P  (z  s  t)  given  z  is  normally  distributed  witn 
mean  =  0  and  variance  =1. 

The  conditional  probability  of  the  upper  pair  of  comparators 
detecting  a  pseudo  error  given  that  the  intended  level  was  zero 
may  be  computed  simularly. 

P  (upper  pair  detects  pseudo  error  j  intended  level  =  0) 

=  P  (d  <  0+  e  ^  2d-a) 

-  P  [d/N  <  t/N  v  (2d-a)/N  J  e/N  ^  N ( 0 , 1 )  ] 

=  Q  (d/N)  -  Q  ( 2d-a )/N  (1-5) 
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Likewise, 

P  (upper  pair  detects  pseudo  error  j  intended  level  =  -2d) 

=  P  (d  <  -2d+e  _<  2d-a) 

=  P  (3d  <  c  <_  4d-a) 

=  P  [3d/N  <  c/N  <  (4d-a)/N  |  e/N  N(0,1)] 

=  Q  (3d/N)  -  Q  (4d-a)/N  (1-6) 

For  the  three-level  partial  response  signal  considered  here,  the 
probability  of  level  +2d,  0,  or  -2d  being  intended  is  1/4,  1/2, 
or  1/4,  respectively.  Therefore,  the  probability  of  the  upper 
pair  of  comparators  detecting  a  pseudo  error  is  as  follows. 

P  (upper  pair  detects  pseudo  error) 

=  1/4  {Q(  a/N)  -  Q(d/N)j 

+  1/2  (Q(d/N )  -  Q( ( 2d-a)/N  )  ) 

+  1/4  {  Q(3d/N  -  Q((4d-a/N)  } 

=  1/4  (  Q( a/N)  +  Q(d/N)  -  2Q  1  ( 2d-a)/N  )  +  Q(3d/N) 

-  C  [  (  4d-a)/N]  }  (1-7) 

Given  that  both  an  upper  pair  ( 2d-a  and  d)  and  a  lower  pair 
(-2d+a  and  -d)  of  pseudo  error  comparators  ar  to  be  used,  and 
assuming  that  both  pairs  detect  the  same  average  number  of 
errors,  the  total  pseudo  error  rate  will  be  twice  that  derived 
above . 

P  (pseudo  error) 

=  1/2  (Q( a/N) 

-  (Q  [  ( 4d-a)  N)  )  (1-b) 

1.1.5  BEM  Analyses  Assuming  a  Thtee-Level  Partial  Response  Eye 
Definitions 


The  classical  partial  response  three-level  eye  pattern  has  been 
shown  in  Figure  1-3.  This  figure  represents  the  pattern  which 
would  be  obtained  on  the  face  of  an  oscilloscope  if  the  analog 
eye  pattern  voltage  were  connected  to  the  vertical  inputs  and 
the  horizontal  time  base  were  synchronized  with  Baud  timing  so 
that  each  sweep  would  start  with  the  same  Baud  timing  phase. 
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If  the  sweep  time  were  .adjusted  to  cover  several  Baud  periods, 
then  the  proper  sampling  times  would  become  apparent  as  they  are 
in  the  figure.  At  the  proper  sampling  times,  the  analog  voltage 
is  equal  to  one  of  three  values:  2d,  0  or  -2d  volts.  These 
three  voltage  levels,  and  five  additional  levels,  making  eight 
voltage  levels  in  all,  are  shown  in  Figure  1-3.  By  using  eight 
voltage  comparators,  with  these  eight  voltage  levels  as  refer¬ 
ences,  it  is  possible  to  determine  whether  the  voltage  was  above 
or  below  each  of  these  eight  levels  at  each  sampling  time.  Two 
of  these  levels,  the  upper  and  lower  offset  thresholds,  are 
adjustable  by  changing  the  value  of  the  offset  voltage,  a.  The 
level  Kd  is  determined  by  selecting  the  constant  K.  For  the 
purposes  of  the  present  discussions,  the  level  Kd  can  be 
ignored.  The  other  five  levels  are  constant. 

Several  detailed  analyses  for  this  eye  pattern  have  been 
reported  in  Appendix  A  of  the  ATEC  Digital  Adaptation  Study, 
RADC-TR-76-302 .  It  was  assumed  that  two  zones  would  be  used  for 
counting  pseudo  errors.  The  upper  pseudo  error  zone  extends 
from  d  to  (2d-a)  volts,  and  the  lower  pseudo  error  zone  extends 
from  -d  to  -(2d-a)  volts.  For  the  math  models  used  in  the  mathe¬ 
matical  analyses,  the  pseudo  error  rates  for  the  upper  and  lower 
zones  are  equal;  therefore,  the  total  error  rate  for  che  two 
zones  is  equal  to  twice  the  pseudo  error  rate  for  either  of  the 
single  zones.  The  VICOM  eye  pattern  used  during  laboratory 
testing  was  found  to  be  so  asymmetrical  that  it  was  necessary 
either  to  use  a  single  pseudo  error  zone  on  one  side  of  the 
signal,  ignoring  the  other  side,  or  to  provide  the  hardware  with 
additional  degrees  of  freedom  and  control  loops  so  that  both 
sides  of  the  sianal  could  be  tracked  separately.  Because  of 
power,  size,  and  schedule  constraints,  it  was  decided  to  use 
only  a  single  pseudo  error  zone.  Most  of  the  mathematical 
analyses  and  computer  programs  had  been  finished  at  the  time 
that  the  asymmetry  was  discovered;  therefore,  all  pseudo  error 
rates  in  these  documents  are  expressed  as  two  ".one  or  "two 
sided"  pseudo  error  rates  unless  otherwise  specified.  Inter¬ 
preting  results  stated  in  terms  of  the  two-zone  pseudo  error 
rate  definition  will  cause  no  hardship  as  long  as  it  is  remem¬ 
bered  that  the  single-sided  pseudo  error  rate  is  equal  to  half 
of  the  two-sided  pseudo  error  rate.  In  this  report,  the  number 
1  or  2  will  follow  the  letters  PER  may  appear  without  the  number 
1  or  2  following,  in  which  case,  it  is  the  two-sided  error  rate 
which  is  being  referred  to.  These  and  some  other  useful  defi¬ 
nitions  are  listed  below: 


PERI 

the 

one-sided 

pseudo  error 

rate . 

PLk2 

-  the 

two-sided 

pseudo  error 

rate  = 
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PER  =  PER2  unless  specifically  stated  to  the  contrary. 

BER  =  the  Baud  error  rate  =  the  bit  error  rate  for  this  one- 
bit-per-Baud  eye  pattern. 

P[ A]  =  tie  probability  that  A  is  true. 

P[A  |  B]  =  conditional  probaibility  of  A  given  that  B  is  true. 
P  [A,B]  joint  probability  that  A  and  B  are  both  true. 

S2  =  signal  power  in  eye  pattern. 

N2  =  noise  power  in  eye  pattern. 

e  =  a  normally  distributed  random  variable  with  mean  =  0  and 
variance  =  N2. 

z  =  a  normally  distributed  random  variable  with  mean  =  0  and 
variance  =  1. 

Q ( x )  ”  P (z>x | z^N(  0 , 1 ) )  which  is  to  be  read  as  "the  prob¬ 
ability  z  is  greater  than  x,  given  that  z  is  a 
normally  distributed  random  variable  with  mean  equal 
to  zero  and  variance  equal  to  one." 

Q“l(p)  =  lx(Q(x)=p]  which  is  read  as  "Q  inverse  of  p  is 

defined  as  equal  to  the  value  of  x  for  which  Q  of 
x  equal  to  p." 

Q'(x)  2  d  Q(x)  which  is  equal  to  minus  the  density  function 

cfx 

of  the  N ( 0 , 1 )  distribution  at  point  where  the  random 
variable  is  equal  to  x. 

1.1.6  Pseudo  Error  Rate  Equation 


The  pseudo  error  rate  for  the  three-level  eye  was  derived  in 
Paragraph  1.1.4  with  the  results  for  the  one-sided  and  two-sided 
solutions.  The  one-sided  solution  is: 

PFR1  =  (1/4)  (Q( a/N ) +Q( d/N ) -20  [(2d-a)/N) 

+Q(3d/N)-Q  ((4d-a)/N)}  (1-9) 
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1.1.7  Computation  of  Dispersion  Amplitude 


Using  the  equations  just  developed,  it  is  possible  to  compute 
the  dispersion,  a/d,  for  a  fixed  pseudo  error  rate,  PERI,  for  a 
given  noise  level,  N/d,  or  a  given  bit  error  rate,  BER.  When 
solving  these  equations  it  is  convenient  to  express  the  equation 
in  terms  of  three  variables:  pseudo  error  rate,  PERI;  disper¬ 
sion,  a/d;  and  decision  level  to  noise  ratio,  d/N. 

PERI  =  (1/4)  {Q  [(a/d)  (d/N)]  +  Q(d/N)-2Q[2(d/N)- (a/d)  (d/N)] 
+Q  [3 { d/N )  -  Q  [ 4 ( d/N ) - ( a/d )  ( d/N )] }  (1-10) 

1.1.8  Pseudo  Error.  Rate  Loop  Analysis 

A  block  diagram  of  the  control  loop  for  holding  the  pseudo  error 
rate  constant  is  shown  in  Figure  1-4.  The  three  parameters 
which  affect  the  loop  are  shown  entering  at  the  left  hand  side 
of  Figure  1-4.  These  three  parameters  are  the  Baud  rate,  B,  the 
rms  noise  level,  N,  and  the  signal  level,  d.  For  the  system 
presently  under  study,  the  Baud  rate,  B,  is  equal  to  12,552,600 
Baud/sec.  The  signal  level,  d,  is  held  constant  by  an  AGC 
system.  Thus,  the  only  variable  entering  the  pseudo  error  rate 
control  loop  is  the  rms  level  of  the  noise,  N. 
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FIGURE  1-4.  PSEUDO  ERROR  RATE  CONTROL  LOOP 
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In  order  to  keep  the  amplitude  of  the  output,  a,  dependent  upon 
only  one  variable,  N,  the  control  loop  in  Figure  1-4  must  keep 
the  pseudo  error  rate,  PERI,  constant.  The  summing  device  is  an 
up-down  counter  in  which  pulses  into  the  lower  input  cause  it  to 
count  up,  pulses  into  the  upper  input  cause  it  to  count  down, 
and  simultaneous  pulses  into  both  inputs  cause  it  to  do  nothing. 
The  lower  input  into  the  summing  device  is  the  output  of  the 
pseudo  error  detector  which  transmits  one  pulse  for  each  pseudo 
error.  The  average  number  of  pseudo  error  pulses  transmitted 
per  second  is  equal  to  the  Baud  rate,  B,  times  the  pseudo  error 
probability  per  Baud,  PERI.  The  upper  input  to  the  summing 
device  is  obtained  by  dividing  the  output  of  a  lower  level  detec¬ 
tor  by  2048.  The  reason  for  using  the  lower  level  detector  is 
that  the  pseudo  error  detector  in  this  system  looks  for  pseudo 
errors  only  around  the  lower  level.  When  the  probability  of 
receive  bauds  being  at  the  lower  level  is  1/4,  the  lower  level 
detector  can  be  replaced  by  a  divide-by-4  counter.  Normal  data 
patterns  are  sufficiently  random  that  a  lower  level  probability 
will  be  1/4;  however,  the  lower  level  detector  is  used  in  pref¬ 
erence  to  a  divide-by-4  counter  in  order  to  keep  the  ratio  of 
pseudo  errors  made  per  Baud  tested  constant  even  in  the  presence 
of  special  test  patterns.  For  normal  data  patterns,  the  average 
rate  out  of  the  lower  level  detector  is  equal  to  1/4  the  Baud 
rate,  3/4,  so  that  the  average  rate  out  of  the  divide  by  2048 
counter  is  B/8192.  The  average  rate  of  the  error  signal,  e,  out 
of  the  summing  device  is  equal  to  the  difference  between  the 
rates  of  the  lower  and  upper  inputs. 

e  =  B  x  PERI  -B/8192  (1-11) 

Assuming  that  the  control  loop  drives  the  error  signal,  e,  to 
zero,  and  that  the  baud  rate,  B,  is  not  equal  to  zero,  the 
pseudo  error  rate  can  be  determined  from  Equation  1-11. 

PERI  =  1/8192  given  e=0,  B/0  (1-12) 

The  pseudo  error  rate  can  be  readily  adjusted  by  changing  the 
count  down  ratio  in  the  2048  counter. 

For  computation  of  the  dynamics  of  the  pseudo  error  rate  control 
loop,  the  equations  will  be  simplified  by  defining  two  new  vari- 


ables,  A 

and 

D,  to  replace  the  three  variables, 

a,  d,  and  N. 

Define 

A 

■  a/d 

(1-13) 

and 

D 

d/N 

( 1-14) 

where 

d 

-  a  system  constant 

(1-15) 
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(1-16) 


PERI  =  (1/4)  Q(AD)+Q(D)-2Q  (2-A)D 

+Q( 3D) -Q  ( 4-A) D 


1.2  MOTIVATION  FOR  THE  PRESENT  STUDY 

Based  on  the  results  and  analysis  of  Reference  1,  quoted  in  part 
in  Suosection  1.1,  it  was  concluded  that  if  different  countdown 
ratios  were  used  in  the  BEM  measurement,  then  a  unique  disper¬ 
sion  would  be  observed  for  each  countdown  ratio.  Accordingly, 
in  the  basic  error  rate  equation, 

4 ( PERI ) =Q( AD) +Q ( D) -2Q( ( 2- A) D) +Q( 3D) -Q( ( 4-A) D) ,  (1-17) 

where  the  terms  have  all  been  defined  in  Subsection  1.1.  It  is 
seen  that  if  PERI ( = 1/ ( count  down  ratio)) is  changed  and  if  the 
corresponding  value  of  A  is  measured,  then  the  only  unknown  is  D 
for  each  measured  pair  (count  down  ration  and  A).  If  the  noise 
type  were  known,  then  the  form  of  the  Q  function  would  be  known 
ana  Equation  1-17  would  yield  the  same  value  of  D  for  each  mea¬ 
sured  pair  (count  down  ratio  and  A),  except  for  measurement  and 
modeling  errors.  In  Reference  1,  the  measurements  were  assumed 
to  be  taken  in  the  presence  of  Gaussian  noise,  and  it  was  found, 
indeed,  that  the  value  of  D  was  essentially  the  same  for  dif¬ 
ferent  testing  conditions. 

This  suggested  that  BEM  measurements,  using  different  count  down 
ratios  with  the  corresponding  measured  dispersions,  could  be 
used  to  detect  the  type  of  signal  being  used  to  corrupt  the  mea¬ 
surement.  This  hypothesis  was  based  on  the  following  observa¬ 
tions  : 


a.  The  error  rate  Equation  1-17  was  shown  to  be  valid  to  a 
close  approximation  for  Gaussian  noise  in  Reference  1. 

b.  The  derivation  of  Equation  1-17  is  equally  valid  for  any 
corrupting  signal,  provided  that  it  is  of  a  random  nature 
(so  that  it  may  be  described  by  a  distribution  function). 

c.  If  the  value  A  was  measured  and  the  value  D  was  deter¬ 
mined,  then  the  value  A. D  would  be  known.  The  expression 
Q  (A.D)  in  Equation  1-17  then  represents  a  value  of  the 
distribution  Q  for  a  known  value  of  its  argument  (A.D); 
that  is,  each  different  value  of  A.D  represents  a  dif¬ 
ferent  point  for  which  Q  is  determined.  A  sequence  of 
such  measurements  then  determines  the  shape  of  the  Q 
distribution  curve  for  the  corrupting  random  signal,  with 
the  use  of  equation  1-17. 
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d.  If  the  Q  distribution  curve  were  sufficiently  different 
for  different  random  test  signals,  then  the  generation  of 
the  Q  curve  from  BEM  measurements  on  an  unknown  signal 
could  be  used  to  classify  that  signal  within  the  set  of 
test  signals. 

The  present  study  was  undertaken  to  examine  the  ability  to  dis¬ 
criminate  between  corrupting  signals  using  BEM  measurements  as 
described  above  and  to  develop  methods  for  performing  the  dis¬ 
crimination. 


I. 3  SUMMARY  OF  PRESENT  STUDY 

Based  on  the  discussion  of  the  above  sections,  the  present  study 
was  initiated. 

The  basic  question  which  was  to  be  answered  in  the  study  was  to 
determine  if  Q  distribution  curves  generated  from  BEM  measure¬ 
ments  were  adequate  for  the  discrimination  and  identification  of 
interfering  signal  types,  assuming  that  the  BEM  equipment  was 
modified  only  to  the  extent  of  using  a  set  of  count  down  ratios, 
as  contrasted  to  one  ratio  in  the  original  equipment. 

BEM  measurements  for  a  set  of  test  signals,  at  different  count 
down  ratios  and  different  power  levels,  were  taken  as  described 
in  Section  2.  It  was  found  from  measurements,  and  from  the 
analysis  of  Section  3,  that  pulsed  signals  could  not  be  distin¬ 
guished  from  from  their  parent  nonpulsed  signals  from  a  Q 
distribution  viewpoint  because  of  the  inherent  averaging  process 
used  in  the  BEM  measurements.  It  was  found,  however,  that  the 
effect  of  power  level  could  be  removed  as  a  factor  in  discrim¬ 
ination  because  of  a  simple  normalizing  technique  developed  in 
Sections  5  and  6. 

The  methods  for  generating  the  Q  distribution  are  developed  in 
Sections  5, 6,7, 8,  and  a  motivation  for  the  methods  is  given  in 
Section  4. 

The  signals  used  as  test  signals  for  constructing  the  reference 
data  base  are  discussed  in  Sections  8,  10,  11,  and  the  results 
of  the  discrimination  capability  are  given  in  Sections  JO  and 

II.  The  basic  analytical  method  used  for  discrimination,  as 
opposed  to  the  viauui  uuscivauun  of  Ltie  uibu  iuuuuii  curve, 
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was  the  method  of  linear  discriminates.  This  method  is  de¬ 
scribed  in  some  detail  in  Section  9.  Results  are  shown  to  be 
good  if  the  signal  type  have,  indeed,  a  different  Q  distribution 
curve. 

The  general  conclusions  and  recommendations  are  given  in  Section 

12. 


Section  2 


DESCRIPTION  OF  EXPERIMENTAL  TECHNIQUE 


2.1  GENERAL  DISCUSSION 

Laboratory  experiments  were  conducted  for  the  Baseband  Eye 
Monitor  (BEM)  Signal  Discrimination  and  Identification  Study 
Program,  in  order  to  provide  Bit  Error  Data  versus  BEM  Dis¬ 
persion  Voltage  when  various  signal  interference  types  are 
introduced  into  the  BEM  system. 

The  components  utilized  in  the  experiments  are  listed  in  Table 
2-1 


TABLE  2-1.  LABORATORY  EQUIPMENT 


Description 

Manufacturer 

Model 

Digital  Multiplex  Switch 

Vicom 

Tl-4000 

Baseband  Eye  Monitor 

Honeywell 

Active  Coupler 

Honeywell 

True  RMS  Voltmeter 

H-P 

3403C 

Event/Internal  Counter 

H-P 

5330B 

DC  Voltmeter 

Fluke 

8200A 

Noise  Generator 

Marconi 

TF2091 

Signal  Generator 

H-P 

8640B 

Signal  Generator 

H-P 

3330B 

Signal  Generator 

I  EC 

F34 

Summing  Amplifier 

honeywell 

N/A 

Impedance  Matching  Pads 

Honeywell 

N/A 

2.2  LABORATORY  TEST  SET-UP 

A  block  diagram  of  the  test  set-up  used  for  the  BEM  study 
program  is  shown  in  Figure  2-1.  The  "gain"  of  the  BEM  active 
coupler  was  modified  to  provide  the  proper  signal  level  to  the 
BEM  using  the  laboratory  test  configuration. 


2.3  BEM  TEST  MODIFICATIONS 

To  provide  correlation  between  BEM  "Dispersion"  data  (as  a  func¬ 
tion  of  signal  interference)  and  the  analytical  results,  it  was 
necessary  to  incorporate  a  means  of  varying  the  "pseudo  error 
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figure  2-1.  TEST  set-up  block  diagram 
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rate"  of  the  Baseband  Eye  Monitor.  This  was  accomplished  using 
a  series  of  thumbwheel  switches  to  provide  a  selectable  count¬ 
down  ratio  for  the  "a"  control  board  (A8).  A  block  diagram  of 
this  function  is  shown  in  Figure  2-2.  The  pseudo  error  rate  was 
changed  by  altering  the  countdown  ratio  in  the  high  speed 
up/down  counter  section  of  the  A8  card.  A  partial  schematic  of 
the  A8  card  is  shown  in  Figure  2-3. 

As  the  countdown  ratio  is  reduced  the  pseudo  error  rate 
increases  and  provides  a  value  of  dispersion  voltage  which 
represents  a  point  higher  on  the  gaussian  distribution,  as 
illustrated  below. 


GAUSSIAN  DISTRIBUTION  CURVE 

The  countdown  ratios  selected  for  the  first  experiments  were  as 
shown  below: 

:9216  (original  BEM) 

:  46C8 
:  2304 
:  1152 

After  taking  a  number  of  sets  or  data  using  various  interference 
types,  the  results  were  cross-checked  against  initial  analytical 
predictions.  The  comparison  between  empirical  and  analytical 
results  showed  that  there  was  a  need  to  decrease  the  countdown 
ratio  further.  This  was  needed  to  both  refine  the  analytical 
approach  and  to  provide  a  basis  for  selecting  countdown  ratios 
that  would  provide  the  best  signal  discrimination  capability 
with  the  fewest  number  of  countdown  ratios.  As  a  result  the 
number  of  countdown  ratios  was  increased  to  include:  :  288 , 

:  72 ,  :36  ,  and  :20  . 


2.4  TYPE  OF  DATA  COLLECTION 

Since  most  laboratory  study  programs  are  basea  upon  repeatable 
empirical  data,  the  primary  objective  at  the  start  of  the 
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program  was  to  verify  the  results  obtained  when  the  BEM  equip¬ 
ment  was  originally  delivered  to  Rome  Air  Development  Center. 

The  tests  conducted  during  the  initial  program  when  the  BEM 
equipment  was  developed,  were  based  upon  usage  as  a  bit  error 
rate  measurement  device  in  a  system  where  white  noise  (Gaussian 
distribution)  was  the  only  contributor  to  system  performance 
degradation.  To  verify  that  the  equipment  was  operating  within 
the  original  design  concepts,  extensive  tests  were  conducted  to 
correlate  results  of  the  original  design  tests  to  results 
obtained  for  the  equipments  received  after  use  in  the  field. 
During  the  initial  phase  of  the  program,  effort  was  concentrated 
on  obtaining  good  correlation  between  the  original  and  current 
empirical  data,  using  white  noise  as  the  interference  source. 

Due  to  the  highly  sophisticated  nature  of  this  equipment,  it  was 
extremely  important  to  establish  a  reliable  baseline  between 
past  and  present  performance  characteristics. 

This  baseline  was  established  by  recording  the  value  of  disper¬ 
sion  voltage  and  true  rms  outputs  (dc  voltage  outputs)  from  the 
BEM  under  specified  carrier  to  interference  ratios.  In  addition 
to  the  dispersion  and  true  rms  data,  the  bit  error  rate  was 
measured  at  the  Vicom  Tl-4000  unit.  The  "error  output"  test 
jack  of  the  "RCV  input  module"  was  used  for  the  bit  error 
counted  for  specified  time  intervals.  The  bit  error  rate  (BER) 
was  then  calculated  using  the  equation  shown  below: 

rpr  =  Bit  Errors  Counted 
bit  Rate  x  Time 

The  bit  rate  used  was  12.5526  MHz,  and  the  time  wa'  the  time 
interval  over  which  the  bit  errors  were  collected.  The  time 
interval  was  selected  between  one  second  and  100  seconds 
depending  on  the  expected  BER  value.  For  low  values  of  carrier 
to  interference  ratios  the  BER  values  would  be  high  («Nxl0”3)f 
and  the  time  selected  would  be  one  to  two  seconds.  For  low  BER 
values  (~Nx10"6  and  lower),  a  time  interval  of  100  seconds  would 
be  used. 


2.5  TYPES  OF  INTERFERENCE  CONSIDERED 

Durir. j  the  initial  phase  of  the  study  program,  the  following 
signal  types  were  considerea;  White  noise  (Gaussian  Distribu¬ 
tion),  Swept  CW,  Pulsed  CVv ,  Single  Frequency  with  FM  Noise 
Modulation  and  Single  Frequency  with  AM  Noise  Modulation. 
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However,  due  to  limitations  of  the  signal  generating  test  equip¬ 
ment,  the  list  of  signal  types  was  changed  to  permit  accurate 
correlation  between  analytical  and  empirical  test  results.  When 
attempts  were  made  to  generate  a  single  frequency  sinusoid  with 
AM  or  FM  noise  modulation,  the  spectral  output  showed  charac¬ 
teristics  that  could  not  be  described  usino  ->  basic  mathematical 
equation.  The  alternative  was  to  select  a  single  frequency 
sinusoid  with  AM  or  FM  sine  wave  modulation.  Another  signal 
type  that  could  not  be  provided  was  pulsed  noise.  Since  there 
was  no  alternate  signal  type  that  could  be  related  to  this 
complex  wave  form,  it  was  eliminated  from  the  list  of  signal 
types  where  empirical  data  was  to  be  obtained. 

A  detailed  definition  of  each  of  the  signal  types  tested  is 
given  below.  In  each  case,  the  baseband  "eye"  signal  is  denoted 
as  the  carrier,  "C",  and  the  interference  signal  as  "I".  In  all 
cases  the  "C"  and  "I"  signals  were  applied  to  a  summing  ampli¬ 
fier.  The  output  of  the  summing  amplifier  contained  both 
signals,  and  was  fed  back  to  the  input  of  the  Vicom  Tl-4000. 

The  signal  to  noise  or  carrier  to  interference  ratio  (C/I)  was 
the  ratio  of  power  contained  in  the  output  between  the  carrier 
and  interference  signal. 

a.  White  Noise  (Gaussian  Distribution) 


Band  Limited  -  12  kHz  to  552  kHz 
C  =  12.5526  x  106  bits/second 

I  =  Band  limited  white  noise  interference  level. 


b.  Swept  CW 

Single  frequency  sinusoid,  slowly  swept  from  1  MHz  to  12.5526 
MHz. 

C  =  12.5526  x  10^  bits/second 
I  =  P  Sin  wt 

Where  P  is  the  selected  value  of  interference  level,  and  W 
varies  from  6.283  x  ]0*>  to  7.5398  x  10^  radians/second. 

c.  Single  Frequency  CW 

Single  frequency  sinusoid,  set  at  one  fourth  the  bit  rate  of 
the  Vicom  Tl-4000 

C  =  12.5526  x  10^  bits/second 

I  =  P  Sin  wt 
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Where  P  is  the  selected  value  of  interference  level,  and  W  = 
2.002  x  107  radians/second. 

d.  Single  Frequency  with  FM  Sine  Wave  Modulation 
C  =  12.5526  x  10^  bits/second 

The  FM  carrier  frequency  is  described  by  the  equation 
e^  =  Cos  <i)j[t 

Where  Ei  is  the  selected  value  of  interference  level  and  u>i 
is  the  FM  carrier  frequency  select  at  one  fourth  of  the  bit 
rate  of  the  "Baseband  Eye". 

^i  =  2.002  x  10?  radians/second. 

The  modulating  signal  is  described  by  em  (t)  =  Em  Cos  wmt. 

Where  Em  represents  the  peak  value  of  the  modulating  wave 
form  and  win  is  the  radian/second  equivalent  of  the  modulating 
frequency. 

Three  modulating  frequencies  were  used,  100  Hz,  1  kHz  and  5 
kHz.  The  final  equation  for  the  FM  modulation  signal  is 

I  =  es(t)  =  Ei  Cos  (wi  t  +  KEm/wm  Sin  wmt) 

Where  KEm  represents  the  maximum  frequency  deviation  of  the 
FM  carrier.  The  maximum  frequency  deviation  was  +20  kHz  in 
all  cases,  due  to  limitations  of  the  signal  generator.  The 
total  summed  signal  applied  to  the  system  is  then  described 
asC+I=C+es(t). 

e .  Single  Frequency  with  AM  Sine  Wave  Modulation 
C  =  12.5526  x  10^  bits/second. 

The  AM  modulated  signal  (double  sideband)  is  described  by  the 
equation 

I  =e^(t)  =  IK  +  em  ( t ) )  cos  wi  t 

Where  Cm  (t)  is  the  basic  modulating  frequency  shown  by  the 
equation  below: 

em( t)  =  E  Cos  wmt 

The  term  COSwct  is  the  AM  carrier  frequency.  The  value  of  wi 
was  2.002  x  107  for  all  AM  tests.  Two  values  of  wnt  were 
used,  628  and  6.28  x  10-*  radians/second. 
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2.6  DATA  ACCURACY  AND  CONSISTENCY 


During  the  course  of  testing  on  the  BEM  Study  Program,  three 
types  of  measurements  were  performed:  True  rms  ac  voltage,  dc 
voltage,  and  counts  per  unit  time.  The  accuracy  of  each  of 
these  measurements  is  discussed  separately  below. 


2.6.1  AC  Voltage  -  True  RMS 

The  true  rms  voltage  measurements  were  made  on  the  output  of  the 
baseband  coupler,  and  consisted  of  the  baseband  eye  voltage  or 
the  Interference  Level.  The  measurements  were  made  indepen¬ 
dently  by  disconnecting  the  undesired  signal  at  the  input  to  the 
summing  amplifier.  The  accuracy  of  the  true  rms  voltmeter  is  ±2 
percent  over,  the  frequency  range  used. 

2.6.2  DC  Voltage  Measurements 

The  dc  voltage  measurements  consisted  of  the  dispersion  voltage 
output  and  the  true  rms  output  of  the  BEM.  The  accuracy  of  the 
meter  used  was  0.01  percent. 


2.6.3  Bit  Error  Per  Unit  Time  (BER) 


The  bit  errors  were  obtained  from  a  dc  pulse  output  from  the  RCV 
input  module  (type  4023)  error  output  on  the  Vicom  Tl-4000.  The 
counter  accuracy  was  plus  or  minus  one  count.  For  BER  values 
greater  than  10',  the  number  of  counts  collected  was  always 
greater  than  100  in  any  counting  interval,  therefore  the 
accuracy  was  a  maximum  of  ±1.0  percent  at  107  and  decreased  as 
the  BER  value  increased  above  107.  For  BER  values  less  than 
107,  the  number  of  counts  was  less  than  100.  Therefore  the 
accuracy  tolerance  would  increase  accordingly,  i.e.,  for  a  bit 
error  count  of  50  ±1,  the  tolerance  would  be  basically  ±2 
percent. 


Repetitive  counts  measurements  were  made  in  all  cases,  regard¬ 
less  of  the  BER  value,  which  provides  a  higher  degree  of  con¬ 
fidence  in  most  cases  regarding  the  consistency  of  the  data 
obtained.  However,  this  factor  only  provides  an  intuitive  feel 
for  the  accuracy  of  the  data.  At  a  BER  value  of  10^,  the  count 
accuracy  could  not  be  firmly  quoted  as  anything  less  than  ±10 
percent . 


The  accuracy  of  the  time  interval  used  for  any  of  the  error 
counts  collected  was  106,  and  is  well  below  the  ±1  percent  value 
at  a  BER  of  107.  Therefore,  the  accuracy  tolerance  of  the  time 
interval  is  not  considered  a  factor  in  this  measurement. 


2.6.4  Data  Consistency 


The  data  consistency  was  considered  excellent  during  the  labora¬ 
tory  test  period.  This  is  primarily  a  judgment  factor  based  on 
review  and  comparison  of  data  during  the  entire  course  of  the 
laboratory  test  series. 

Prior  to  restarting  any  test  series  or  changing  interference 
types,  the  test  set-up  for  Gaussian  noise  v/as  reconnected  and 
data  was  measured  for  selected  levels  and  countdown  ratios  (for 
the  A8  card  in  the  BEM  unit).  The  data  was  then  compared  to 
verify  the  consistency  and  operational  integrity  of  the 
BEM/Vicom  equipment. 


2.7  DATA  PRESENTATION 

The  raw  data  collected  during  the  test  program  is  presented  in 
this  section.  Explanation  of  raw  data  will  be  brief,  since  the 
primary  purpose  of  the  BEM  Study  Program  was  to  determine  the 
feasibility  of  discriminating  various  signal  types  using  the  BEM 
equipment.  The  raw  data  was  used  as  a  tool  to  verify  and  refine 
analytical  concepts  developed  during  the  program. 

The  initial  data  is  contained  in  Tables  2-2  through  2-7,  and  was 
used  as  a  foothold  in  the  early  stages  of  the  analysis  and  devel¬ 
opment  of  equations  used  for  signal  discrimination.  Each  table 
shows  the  interference  level  used,  BEM  dispersion  voltage,  count 
interval,  number  of  error,  BEM  rms  output  dc  voltage,  calculated 
BER  and  the  carrier  to  interference  ratio.  Tables  2-2  through 
2-7  show  the  results  of  Gaussian  and  sine  wave  interference,  as 
a  function  of  interference  level  and  countdown  ratio. 

Table  2-8  shows  the  results  of  a  constant  sine  wave  interference 
level  as  a  function  of  frequency  and  countdown  ratio. 

Tables  2-9  through  2-11  show  the  results  of  FM  interference  as  a 
function  of  interference  level,  for  three  different  countdown 
ratios. 

After  collecting  the  previous  data,  the  results  of  the  analysis 
showed  that  it  was  necessary  to  collect  data  for  a  wider  range 
of  countdown  ratios.  Tables  2-12  through  2-19  show  the  results 
of  tests  performed  with  eight  countdown  ratios  ranging  from  9216 
to  20,  as  a  function  of  interference  level. 
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TABLE  2-2.  BAND  LIMITED  GAUSSIAN  NOISE  -  12  kHz  TO  552  kHz 


Inter¬ 

ference 

Level 

wmgm 

Time 

Sec 

Bit  Error 
Count 

BEM  RMS 

DC  Voltage 
Monitor 

Bit  Error 

Rate 

C/I 

Rate 

MVRMS 

1  CH 

7  CH 

1  CH 

7  CH 

1  CH 

7  CH 

1  CH 

7  CH 

(db) 

BEM  Coupler  Input  «  0.306  VRMS 

None 

Added 

2.320 

2.660 

100 

■ 

2.4810 

2.482 

<8  x  1010 

N/A 

54.9 

9.400 

9.401 

10 

871831 

867644 

861814 

860710 

— 

769372 

771813 

771185 

773112 

1 

6.9x10-3 

6. 15x10-3 

5.57 

(14.9  db) 

50.2 

9.230 

9.298 

10 

544166 

537933 

541327 

539705 

482628 

480412 

477244 

476491 

■ 

3.82x'0-3 

6.09 

(15.7) 

44.4 

8.480 

8.950 

10 

257011 

259562 

257165 

220320 

221271 

219685 

2.05x10'3 

U 

6.89 
( 16.76) 

38. 8 

6.597 

7.395 

10 

94554 

96384 

94445 

94139 

m 

1 

7.57X10"4 

6.2X10-4 

7.88 

(17.94) 

34.0 

5.700 

6.522 

10 

25723 

25751 

25883 

22593 

22485 

22714 

2.05X10'4 

1.8x10'4 

9.0 

(  19.08) 

28.3 

4.876 

5.700 

60 

1 

1 

1.87r10"s 

2.32X10-5 

10.8 

(20.68) 

23.7 

4.267 

5.054 

100 

1 

2209 

2226 

2177 

1 .OIxlO"6 

1.75x10”6 

12.9 

(22.2) 

20.0 

3.866 

4.576 

100 

44 

42 

52 

89 

102 

105 

■ 

3 . 74x10"® 

7.56x10“® 

■ 

18.0 

3.623 

4.299 

100 

4 

4 

4 

E 

3.7X10-9 

5.58X10-9 

■ 

ORIGINAL  BEM  CONFIGURATION 


Inter¬ 

ference 

Level 


MVRMS 


BEM  Dispersion 
DC  Output 
(-VDC) 


Bit  Error 
Count 


BEM  RMS 
DC  Voltage 
Monitor 


Bit  Error 
Rate 


2.318  2.662  100 


8.836  9.047 


1  CH 

7  CH 

1  CH 

7  CH 

BEM  Coupler  Inpu 

t  =  0.305  VRMS 

0 

0 

2.481 1 

2.4820 

160873 

161149 

161134 

148382 

148078 

148198 

2.5220 

2.5225 

185372 

185540 

186900 

159582 

160892 

160649 

2.5085 

2.5168 

186190 

182417 

182392 

153839 

156765 

153659 

2.5038 

2.5050 

6.98 

(16.9) 


6.255  7.012  20  183276  163175  2.5000  2.5004  7.309x10-4  6.472X10-4  7.8 

183734  161831  (17.8 

183534  162412 


5.322  6.139  60  117151  114531  2.494r  2.4980  1.555x10*4  1.52x10-4  8.86 

117154  114442  (18.9) 

117115  114733 


3.931  4.770  60  349 

411 


3.669  4.392  90 


3.458  4.  155  90 


2.4825  2.4880  5.178x10"7 


396  771 


50  136  2.4835 

67  1 17 

51  131 


5.13x10-8  1.75X10-7 


8  12 

4  10 

8  11 


12  2.4799  2.4822  7.08x10'9 


"9  16.8 
(24.5 


TABLE  2-4.  SINE  WAVE  3.1864  MHz 


Inter- 

BEM  Dispersion 

BEM  RMS 

C/I 

ference 

DC  Output 

Bit 

Er  nr 

DC  Voltage 

Bit  Error 

Level 

(-VDC) 

Time 

Count 

Monitor 

Rate 

Rate 

MVRMS 

1  CH 

7  CH 

Sec 

1  CH 

7  CH 

1  CH 

7  CH 

1  CH 

TcT! - 

- 

BEM  Coupler  Input  <*  0.305  VRMS 

None 

Added 

80.6 

6.119 

6.503 

1 

172638 

140529 

2.5660 

2.5666 

1.36X10-2 

i.  ixio-3 

3.78 

169914 

134647 

(11.5) 

169076 

138717 

77.2 

59.2 

6.312 

2 

170708 

153008 

2.5575 

2.5564 

7.05X10-3 

6x10~3 

3.95 

180081 

149026 

(11.9) 

179977 

149848 

70.2 

5.518 

5.957 

10 

124384 

137583 

2.5479 

2.5518 

I.OxlO-3 

I.OBxlO-3 

4.34 

126842 

137200 

(12.76) 

125155 

135139 

64.9 

5.238 

5.666 

100 

157973 

141863 

2.5379 

2.5443 

1.22X10*4 

1. 12x10"4 

4.7 

152836 

139984 

(13.4) 

152450 

140906 

62.8 

5. 148 

5.598 

100 

67450 

46270 

2.5290 

2.5318 

5.37x10-5 

3.74X10"6 

4.85 

66792 

46960 

(13.7) 

67767 

47234 

59.0 

4.979 

5.430 

100 

7040 

2581 

2.525 

2.529 

5.61x10-6 

2.15x10"6 

5.2 

7200 

2718 

(14.3) 

6496 

2736 

. 

58.4 

4.901 

5.375 

100 

1496 

446 

2.5278 

2.5276 

1.  19x10"6 

2.35x10"7 

5.22 

1500 

420 

(14.3) 

1423 

403 

55.5 

4.772 

5.204 

100 

573 

■a 

2.5215 

2.5238 

4.374X10*7 

8.44x10-6 

5.49 

549 

(14.8) 

468 

mm 

-  ,-J 
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Inter¬ 

ference 

Level 

MVRMS 


BEM  Dispersion  BEM  RMS 

DC  Output  Bit  Error  rc  Voltage  Bit  Error 

_ (-VDC) _  Time  _  Count _ Monitor _ Rate  _ 

1  CH  I  7  CH  Sec  1  C~  I?  CM  V  CM  FfcH  1  CH  I  7  CH 


BEM  Coupler  Input  »  0.305  VRMS 


None 

Added 

2.267 

2.662 

77.2 

5.740 

6.255 

80.6 

0.060 

6.389 

70.2 

5.363 

5.841 

64.7 

5.094 

5.636 

60.4 

4.866 

5.354 

56.8 

4.680 

5.161 

58.9 

4.780 

5.271 

62.8 

4.958 

5.454 

m 


2  150178  135423  2.5515  2.5525  5.935x10"3  5.337x10-3 

148372  134844 

148408  133091 


1 


15580/  129329  2.5649  2.5560  1.235x10-2 

156615  128703 

154393  124553 

127010 


in  107971  135154  2.5375  2.5382  8.365x10*4  1.075x!0-3 

103947  136794 

1050 1C  134900 


3.95 

(11.9) 


3.78 

(11.5) 


4.34 

(12.76) 


60  72438 

73746 
75139  I  7  >430 


2.5310  2.5380  9.759x10-5 


60  8432  5016  2.5182  2.5208  1.035x10-5  6.506x10-6 

7742  4753 

7546  4999 


60  574  152  2.5170  2.5137  7.966x10-7  2.124x10“7 

600  174 

521  146 


60  3308  1384  2.5185  2.5194  4.249x10~6  1.76x10'6 

3C19  1300 

3183  129? 


60  26480  22127  2.5266  2.5273  3.478x10-5  2.894x10'5 

25913  21478 

20121  21761 


5.05 
( 14.0) 


m 


TABLE  2-6 


SINE  WAVE  3.1864  MHz 


Inter- 

BEM  Dispersion 

BEM 

RMS 

| 

ference 

DC  Output 

Bit 

Error 

DC  Voltage 

Bit  Error 

Level 

( -Y’DC ) 

Time 

Count 

Monitor 

Rate 

Rate 

MVRMS 

1  CH 

7  CH 

Sec 

1  CH 

7  CH 

1  CH 

7  CH 

1  CH 

7  CH 

(db) 

BEM  Coupler  Input  =  0.305  VRMS  ■ 

None 

Added 

2.125 

2.550 

■ 

■ 

2.4760 

2.4780 

■ 

80.2 

5.813 

6.262 

y 

177857 

136619 

2.5595 

2.5620 

1.09x10-2 

3.8 

176865 

141910 

(11.6) 

1 

178045 

135475 

l  | 

76.8 

5.562 

6.054 

2 

177744 

154561 

2.5520 

2.5585 

7.08x10-3 

6.12x10-3 

3.79 

174899 

151877 

* 

(12) 

178766 

153722 

70.1 

5.164 

5.716 

10 

133065 

145131 

2.5435 

2.5450 

1.06x10-3 

1.157x10-3 

RBI 

132715 

145679 

129708 

141919 

HEM 

64.6 

4.895 

5.437 

60 

95939 

89911 

2.5315 

2.5378 

1.26X10"4 

1.175x10-4 

4.72 

93310 

87127 

(13.5) 

94801 

88057 

62.4 

4.792 

5.321 

60 

H 

26174 

2.5300 

2.5325 

4. 182x10'5 

3.42X10"5 

mm 

n 

25545 

bqsi 

31773 

25463 

HEM 

60.7 

4.730 

5.262 

60 

EH 

5900 

2.5163 

1.47x10“5 

5.) 

BBS 

5861 

| 

(14.0) 

EH 

5817 

58.9 

4.644 

5. 185 

60 

4913 

SO 

■|§5|f 

■ 

m 

5.::  ■ 

4945 

‘  \  JK 

■ 

(1  1.3) 

5037 

mm 

H mm 

imm 

56.8 

4.485 

5.047 

100 

678 

250 

2.5162 

5.4x10-7 

1.99x1C~7 

5.37 

691 

291 

(14.6) 

655 

227 

DATA  RUN  WITH  CHANGE  TO  A8  ( *2304) 
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TABLE  2-7 


SINE  WAVE  3.1864  MHz 


Inter- 

BEM  Dispersion 

BEM 

RMS 

ference 

DC  Output 

Bit 

Error 

DC  Voltage 

Bit  Error 

C/I 

Level 

(-VDC) 

Time 

Count 

Monitor 

Rate 

Rate 

MVRMS 

1  CH 

7  CH 

Sec 

1  CH 

7  CH 

1  CH 

7  CH 

1  CH 

7  CH 

(db) 

BEM  Coupler  Input  »  0.305  VRMS 

None 

Added 

1.980 

2.480 

0 

2.4825 

2.4820 

80.4 

5.627 

6.178 

1 

165453 

137844 

2.5640 

2.5630 

1.34x10*2 

1.06X10*2 

3.8 

169978 

133524 

(11.6) 

168904 

133514 

77.2 

5.324 

5.915 

2 

'  164225 

140899 

2.5545 

2.5535 

6.7x10*3 

5 .616x10*3 

3.95 

169561 

143484 

(11.9) 

168058 

141682 

70.2 

4.912 

5.576 

10 

1 14844 

13271  1 

2.5415 

2.5440 

9. 16x10*4 

1.06X10*3 

4.34 

116240 

133359 

(12.7) 

115003 

131299 

64.9 

4.650 

5.288 

60 

78884 

78773 

2.5345 

2.5360 

1.045X10*4 

1.055x10*4 

4.7 

78638 

79838 

(13.4) 

78761 

79526 

62.8 

4.548 

5.180 

60 

25458 

23074 

2.5305 

2.5325 

3.37x10*5 

2.987x10*5 

4.86 

25518 

22434 

(13.7) 

24861 

22529 

60.7 

4.439 

5.077 

60 

8264 

4584 

2.5295 

2.5276 

1.07x10*5 

5.84X10*6 

5.02 

8013 

4269 

(14.0) 

8009 

4447 

58.9 

4.361 

4.990 

60 

2982 

1578 

2.5245 

2.5235 

3.98x10*5 

1.99x10"6 

5.18 

3360 

1488 

(14.3) 

2675 

1464 

56.8 

4.240 

4.255 

60 

711 

825 

2.5235 

2.5225 

5.4 

768 

786 

■ 

(14.6) 

926 

688 

■  i 

DATA  RUN  WITH  CHANGE  TO  A8  (  *1152) 
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TABLE  2-8.  SINE  WAVE  INPUT  -  CONSTANT  AMPLITUDE 
(C/I  -  4.34  =  12.74  db) 


— 

Frequency 

MHz 

Time 

Sec 

Di 

soersion  (-VDC 

_ 

Comments 

Error 

Error 

V  2304 

t1152 

*288 

*72 

*36 

*20 

Count 

Count 

1  CH 

1  CH 

1  CH 

1  CH 

1  CH 

1  CH 

BER  -  1  CH 

BER  -  7  CH 

?  CH 

1  CH 

7  CH 

"Tch 

7  CH 

7  CH  ' 

1.0 

0.2 

74463 

83636 

7.411 

7.278 

6.826 

5.758 

4.680 

3.562 

C/I  »  4.34 

74438 

84071 

( 12.74  db) 

75000 

83796 

7.318 

7.211 

6.910 

5.981 

4.954 

3.516 

2.97x10*2 

3.33X10*2 

2.0 

0.5 

126926 

204440 

6.712 

6.110 

5.420 

4.238 

3.805 

3.206 

C/I  “4.34 

125337 

199511 

(12.74  db) 

128727 

122688 

6.640 

6.467 

5.947 

4.666 

3.951 

3.717 

2.02x)0”  - 

2.  -»x10*2 

3.18C4 

10 

139173 

155913 

5.296 

5-043 

4.028 

3.461 

3.  160 

2.674 

C/1  “4.34 

137520 

152716 

(12.74  db) 

140380 

150477 

5.840 

5.682 

5.260 

4.069 

3.  160 

2.688 

1x10*3 

1.22X10*3 

4.0 

10 

20125 

23197 

4.947 

4.707 

3.656 

3.071 

2.787 

2.366 

C/I  -  4.34 

20089 

22315 

(12.74  db) 

20573 

22661 

5.486 

5.341 

4.917 

3.768 

3.019 

2.380 

1 .6x10*4 

1.8x10"4 

5.0 

100 

42 

1-2 

4.277 

4.051 

3.065 

2.423 

2.138 

1.795 

C/I  -  4.34 

45 

(12.74  db) 

45 

4.800 

*>  •  646 

4.254 

3.280 

2.453 

1.885 

3.505x10*® 

1 . 2x10*® 

6.3728 

100 

0 

0 

3.331 

i.  130 

2.275 

1.507 

1.306 

1.100 

C/I  “4.34 

o 

o 

(12.74  db) 

0 

0 

3.348 

2.611 

1.760 

1.273 

<8x10*® 

<8x10*'® 

1 

7.0 

100 

0 

0 

2.840 

2.118 

1.267 

1.075 

0.897 

C/I  “  434 

0 

0 

(12.74  db) 

0 

0 

3.525 

3.397 

3.044 

2.404 

1.636 

1.146 

<8x10*'° 

<8x10*'° 

Inter-  BEM  Dispersion  BEM  RMS 

ference  DC  Output  Bit  Error  DC  Voltage  Bit  Error 

Level  _ ( -VDC)  Time  _ Count _ Monitor _ Rate  _ 

MVRMS  1  Cll  7  CH  Sec  1  CI1  7  Cil  1  Cll  7  CII  1  CH  7  Ch 


BEM  Coupler  Input  »  0.306  VRMS 


None 

Added  2.259  2.612 


2.4710  2.4720 


80.6  5.950  6.359  1.0  156041  126722  2.5537  2.5580  1.242x10*2  I.OxlO*2 

153518  126723 

150996  126577 


89.9  7.002  6.914  1.0  234339  247865  2.5771  2.5770  1.872x10*6  1.944X10*2  2.4 

235884  242917  (10.6) 

237741  244240 


2.246  2.604 


2.4780  2.4794 


6.260  6.617  1.0  185061  131405  2.5710  2.5690  1.465x10*2  1.05x10'2 

170141  131043 

104967  132159 


2.5490  2.5520  4.22x10*5  3.78x10*3 


13  1  15456  2.5410  2.5435  7.09x10**1  9.08x10*5 

54  113870 

59  112517 


3.56 

(11.0) 


55946  2.5396  2.5408  3.66x10***  4.54X10*4 

56902 

5o  1 7  1 


719  2.5342  2  5340  0.44x10*5  9.32x10*5 

789 
286 


.5252  2.5267  7.966x10-6  4.38x10*6 


I 


» 

4.744  1  5.227  10  156  78  2.5193  2.5190  1.36xl0*6  5.86xl0"7 


18o  &9 

171  74 


5.04 

(14.0) 


5.2 
(  14.4) 


THIS  DATA  RUN  WITH  CHANCE  TO  A8  (  2304) 
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•TABLE  2-10.  CARRIER  FREQUENCY  3.1864  MHz 
FM  MODULATION  FREQUENCY  1  kHz,  FREQUENCY  DEVIATION  +20  kHZ 


Inter¬ 

ference 

Level 

MVRMS 

BEM  Dispersion 
DC  Output 
(-VDC) 

Time 

Sec 

Bit  Error 

Count 

8 EM  RMS 

DC  Voltage 
Monitor 

Bit  Error 

Fate 

C/I 

Fate 

1  CH 

7  CH 

1  CH 

7  CH 

1  CH 

7  CH 

1  CH 

7  CH 

"TdEl 

BEM  Coupler  Input  »  0.305  VRMS 

None 

Added 

2.259 

2.612 

2.4710 

2.4720 

80.4 

5.951 

6.380 

1.0 

159427 

159311 

156884 

127339 

125313 

126377 

2.5530 

2.5546 

1.266x10-2 

I.OxlO-2 

3.8 

(11.6) 

89.9 

7.036 

6.891 

1.0 

238422 

238770 

233373 

240820 

244732 

243358 

2.5774 

2.5795 

1 .9x1 0"2 

1.944X10'2 

2.4 

(10.6) 

85.5 

6.267 

6.620 

1.0 

185588 

179202 

180828 

133568 

132477 

135496 

2.5710 

2.5694 

1.43x10'2 

1.07x10~2 

3.56 

(11.0) 

75.5 

5.594 

6.740 

2 

96742 

90930 

93374 

93629 

95201 

91814 

2.5510 

2.5530 

3.7x10-3 

3.72x10”3 

4.04 

(12.1) 

70.0 

5.324 

5.807 

10 

94658 

92930 

93785 

116920 

116336 

113969 

2.5425 

2.5438 

7.488x10“4 

9.24X10-4 

4.36 

(12.8) 

68*1 

5.227 

5.704 

10 

41298^ 

41Qi9 

40141 

^  55005 
55178 
55098 

2.5401 

2.5406 

3 . 266 xIO"4 

4. 39xl0-4 

4.48 

(13.0) 

64.9 

5.057 

5.550 

10 

9522 

9387 

8831 

11473 

11817 

11824 

2.5352 

2.5356 

7.33x10-5 

9.4x10-5 

4.7 

(13.4) 

60.5 

4.847 

5.326 

10 

1076 

1111 

1200 

$66 

588 

512 

2.5240 

2.5260 

8.76x10'6 

4 . 38x10”® 

5.04 

(14.0) 

58.2 

4.737 

5.220 

10 

216 

215 

190 

70 

78 

84 

2.5186 

2.5210 

1 .65x10"® 

6.  16x10‘7 

DATA  RUN  WITH  CHANGE  TO  A8  (  4608) 
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TABLE  2-11.  'MIRIER  FREQUENCY  3.1864  MHz 
FM  MODULATION  FREQUENCY  1  kHz,  DEVIATION  +20  kHZ 


Inter- 

BEM  Dispersion 

BEM 

RMS 

mi 

DC  Output 
(-VDC) 

Bit  Error 

DC  Voltage 
Monitor 

Bit  Error 

Level 

Time 

Count 

Rate 

Rate  | 

MVRMS 

1  CH 

7  CH 

Sec 

1  CH 

7  CH 

1  CH 

7  CH 

1  CH 

7  CH 

Msm 

BEM  Coupler  Input  »  0.305  VRMS 

None 

Added 

2.111 

2.532 

2.4840 

2.4835 

89.5 

6,844 

6.770 

1.0 

223560 

230791 

2.5844 

2.5826 

1. 776x1 0“2 

■ 

219936 

228693 

■  ■ 

■  ■ 

225365 

226443 

1 

nap 

85.6 

6.461 

1.0 

161299 

158777 

158108 

2.5705 

1.266x10-2 

■ 

85.6 

6. 154 

H 

1.0 

201293 

161384 

2.5718 

2.5700 

1.601X10"2 

1.275x10-2 

■ 

1 

198393 

160399 

1 

203904 

159896 

80.5 

5.776 

6.213 

1.0 

175810 

140222 

2.5612 

2.5650 

1 .358x10-2 

1.115x10-2 

170949 

139816 

170627 

141378 

77.2 

5.530 

6.043 

2 

176829 

147933 

2.5549 

2.5540 

7.01X10-3 

5.81SX10-3 

175127 

146543 

170765 

146271 

70.2 

5.149 

5,695 

10 

105254 

134882 

2.5435 

2.5462 

8.0bxI0"4 

98963 

137466 

1  1 

101681 

134111 

mm 

64.8 

4.864 

5.411 

60 

63330 

70525 

2.5373 

2.5355 

8.23x10-5 

— i 

9.23x10-5 

62330 

68922 

60715 

69774 

62.8 

4.827 

5.305 

60 

21140 

2.5195 

2.5311 

2.85x10-5 

2.323x10-5 

23554 

20436 

17365 

58.9 

4.594 

5.117 

60 

2267 

972 

2.5250 

2.5272 

3.25X10-6 

HNMQj 

2453 

965 

2566 

1038 

56. e 

4.458 

5.000 

60 

326 

113 

2.5207 

2.5200 

3.65X10"7 

1 . 39x1 0"7 

238 

102 

308 

98 

DATA  RUN  WITH  CHANGE  TO  A8  (  230‘4) 
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mm 


O  T?  U 

c  u 

3  1  *3  f' 

Of  u 

o  t«  —  ■ 

„  ffl 
u  n  i 
o  o  <^  = 

^  o  <n  o 

WHO 
W  >  V  •" 


•  V 

t  W  c  « 

*>  o>  a*  w 

\  u  u  >  x. 

C  V  V  > 

I  -*  ^  .J  X 


«  «•  «•  (*»«**- 

vO  CO  O  C<  o 
O'  cn  n  rg  ci  n 
f  m  ci 


BASEBAND  EYE  VOLTAGE  RMS  -  0.304  VRMS 


•©53 

Cl 

...  *•  f 


a 

=r  s  s  5 

N 

.  ...  *-  r* 


M  (M 

w  u"i  s  as 
v»  >i.  *-  r» 

•W 

Q  -  —  — 


R 
•  1 
10  1 

40 

.o 

• 

40 

© 

d 

• 

to 

(tl 

© 

© 

o 

f* 

40 

»• 

* 

4J  O  *0  O 
C  U 

Q  i  3 

O  H  — 
® 

U  g  I 
0  0  CJ  X 
U  o  M  U 
WHO 

u  >  <»  •- 


I  o 
W  C  «H 
4>  4>  0  W 
W  w  >  i 
c  a>  a  > 

M  W  J  s 


»-  f-  ©  r*mn  <S  0\  o 

m  r*  tfi  r-  *-  *  © 

mod©  ©or.  oor^co 

r>  ©  r-  v  *t  « 

d  <N  <N 


BASEBAND  EYE  VOLTAGE  RHS  -  0.304  VRMS 


Section  3 


ANALYTICAL  DISCUSSION  OF  PROBABILITY 
DISTRIBUTIONS 


3.1  METHODS  FOR  COMPUTING  DISTRIBUTIONS  OF  FUNCTIONS 

There  are  several  methods  for  computing  the  probability  distri¬ 
bution  of  a  random  variable  y  defined  by  a  known  deterministic 
function  of  a  random  variable  x  whose  distribution  is  know.  The 
functional  relation  may  be  expressed 

y  =  9<x),  (3-1) 

where, 

g(‘)  is  a  known  functional  form. 

x  is  a  a  random  variable  whose  probability  density 

function  is  fx(x).  Here,  the  subscript  x  on  f  denotes 
the  x  density  functional  from  fx(*),  and  the  x  in  the 
argument  (•)  denotes  the  random  variable  x. 

y  is  a  random  variable  whose  probability  density  function, 
as  yet  unknown,  is  denoted  by  fy(y),  the  notation  being 
the  same  as  above,  noting  that  fx  and  fy  are  different 
functional  forms. 

The  desired  result  is  to  find  the  probability  density  function 
f y ( • )  from  a  knowledge  of  g(-)  and  fx(*)* 

3.1.1  Probability  Density  Function  Method 

To  illustrate  this  method,  consider  the  deterministic  curves 
y  =  g(x)  defined  by  Equation  3.1,  as  shown  on  Figures  3.1a  and 
3.1b. 

Figure  3.1a  denotes  a  monotone  curve  which  has  a  single  value  y 
for  single  value  x,  and  inversely.  Whenever  the  random  variable 
y  occurs  in  the  domain  dy,  the  random  variable  x  will  lie  in  the 
domain  dy,  the  random  variable  x  will  lie  in  the  domain  dx  and 
the  probabilities  are  equal.  Using  the  definition  of  probabil¬ 
ity  density  functions,  this  equality  requires  that 

fy(y)dy  =  fx(x)dx  (3-2) 
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0280-136 


FIGURE  3-1.  PROBABILITY  DENSITY  FUNCTION 

From  the  functional  relation  of  Equation  3-1, 
dy  =  g ' ( x )dx 

where  g ' ( • )  is  the  derivative.  The  desired  result,  using 
Equation  3-2  is  given  by 

fy(y)  *  g'(x)dx  =  fx(x)dx 

or 


(3-3) 


fx(x) 

f  (y)  =  ___ 

*  g  ( x ) ! 


(3-4) 


where  the  absolute  value  has  been  used  to  account  for  the 
situation  in  which  g'(x)  is  negative.  This  follows  from  the 
requirement  that  the  density  functions  are  positive  and  that  the 
projection  of  the  segment  of  the  curve  on  the  axis  x  is  the  same 
whether  the  curve  is  rising  or  falling. 

The  results  in  a  more  general  case  may  be  established  by 
observation  of  Figure  3-lb.  Here,  for  a  given  y  and  its  domain 
dy,  there  are  three  corresponding  domains,  dxj,  dx2,  and  dx3. 
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Then,  a  random  y  in  dy  will  occur  only  if  x  is  in  dx^,  or  dx2f 
or  dx3»  Since  these  are  independent  events,  the  probability 
that  y  is  in  dy  is  equal  to  the  sum  of  the  probabilities  that  x 
is  in  dx^,  or  dx£,  or  dx3*  This  equality  of  probabilities 
requires  that 

fy{y)dy  =  fx(xi)dxi  +  fx(x2)dX2  +  fx(X3)dX3 


dy  =  g'(x)dx  and  dy^  =  dy2  =  dy3  =  dyj 
so  that 


dy  =  g'(xj.)dxi  for  all  x^ 

The  results  is  then 

fy(y)  =  JxlilL  +  JxU2)_+. 

y  j  g ' < XX ) j  | g ' (x2)| 


fx(x3) 

g'(x3)| 


(3-5) 


which  clearly  holds  for  any  number  of  roots  x^  of  the  Equation 
3-1,  for  a  given  value  of  y.  Generally,  the  original  Equation 
3-1  is  used  to  express  x  in  terms  of  y. 

As  an  example,  consider  the  random  variable  y  defined  by 

y  =  a  x  +  b 

where  a  and  b  are  deterministic  and  x  is  a  random  variable  whose 
density  is  known  and  denoted  by  fx(x).  The,  using  the  above 
formulas 


y  =  g(x)  =  a  x  +  b 
g ' (x)  =  a 


fv(y)  = 


fx(x) 


But  from  the  defining  relation 
x  =  (y-b)/a 
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and 


£y<y)  ■  f‘  (¥) 


3.1.2  Random  Cosine  Wave 

A  second  example  is  given  by  the  concept  of  a  random  cosine 
wave.  Let  Ip  be  a  random  variable  defined  by 

Ip  =  P  COS(Wpt  +<J>) 

for  fixed  top  and  4> ,  the  random  wave  is  introduced  by  sampling 
the  time  t  at  random:  Then,  the  argument  represents  a  random 
variable,  let  this  be  denoted  by  x,  and  then  if  t,  is  selected 
at  random  any  value  of  x  is  equally  likely.  This  corresponds  to 
a  uniform  distribution  on  x,  and  the  problem  becomes  one  of 
determining  the  density  function  of  Ip  given  by 

Ip  =  P  cos ( x ) , 

when  x  is  a  uniformly  distributed  random  variable,  with  a 
constant  function  in  0  <  x  <  2it.  Hence, 

f  =  JL  0  <  x  <  2tt, 

xV  '  2 Tf  x  =  0  elsewhere 

then,  assuming  P  is  a  constant,  the  above  formulas  give 
,  .  ,  .  -1/2 

£iP  -  ?(p  -  Jp)  I'pi-' p 


~  0  ,  I  Ip  |  >  0 

3.1.3  Distribution  Function  Method 

With  reference  to  Figure  3-la,  it  is  seen  that  whenever  the 
random  variable  Y  is  less  than  a  selected  value  of  Y,  the  random 
variable  X  is  less  than  the  value  of  X  corresponding  to  the 
selected  value  of  Y.  That  is,  in  terms  of  probability, 

P(Y  < Y(selected ) )  =  P( X <  X( corresponding ) ) 
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These  expressions  are  the  distribution  functions  defined  by 


rY  r x 

Fy(y)  =  J  fy(y)dy,  Fx(x)  =  J  fx(x)dx 


(3-6) 


from  which,  by  definition  of  the  derivative, 


Fy(y)  =  fy(y)/  Fx  ( x )  =  fx(x) 


(3-7) 


the  resulting  formula  is 


/value  of  x  \ 

Fy(y)  =  P(x<(  corresponding  x))  =  Fx  ( -n  terms  Qf  yj  (3-8 

Example.  Consider  again  the  problem  to  find  the  density  Fy(y), 
given 

y  =  a  x  +  b 

From  Equation  3-8,  for  a  >o 

Fy(y)  -  Fx  ( X )  =  Fx 
Using  Equation  3-7, 


Extensions  of  this  method  to  multidimensional  cases  follow  the 
same  principles  as  shown  in  Reference  4.  In  particular,  an 
important  case  is  when  a  product  of  two  random  variables  is 
involved.  Let  the  random  variable  Z  be  defined  by  2  =  X,Y.  The 
resulting  density  function  of  Z  is,  in  general, 


00 
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where  FXy  is  the  joint  density  function  of  X  and  Y.  If  X  and  Y 
are  products,  as  is  here  the  case, 

fxy  =  fx  *  fy 

when  X  and  Y  are  independent. 

For  the  case  of  amplitude  modulated  cosine  waves,  the  amplitude 
P  is  random  in  the  sense  of  random  sampling  as  mentioned 
Paragraph  3.1.1.  For  that  case  with  random  P, 

Y  =  cos  X 

Ip  =  P  *  Y. 

and  the  density  function  is  given  by 


fIp  (xp>  -  I  —  fp(P)  *  fydp/p)  '  dP 
—00  A  r  "L 


As  expected,  the  distribution  of  the  cosine  wave  and  AM 
modulation  are  quite  different,  as  shown  by  the  curves  in 
Section  6. 

In  the  same  way,  the  distribution  for  the  FM  modulated  cosine 
wave  can  be  determined  by  noting  that  the  FM  tone  shifts  the 
results  of  uniform  sampling  mentioned  in  Paragraph  3.1.1,  and 
the  resulting  distribution  may  be  computed  by  ovserving  that  the 
distribution  of  the  variable  called  X  is  no  longer  uniform. 
Clearly  if  the  cosine  signal  is  tone  modulated,  the  differences 
would  be  less  than  if  random  wave  caused  the  modulation.  Also, 
it  is  clear  that  if  the  FM  frequency  shift  caused  by  a  tone  is 
small  compared  with  the  carrier  frequency,  then  the  distribution 
would  be  nearly  the  same  as  a  pure  .cosine  wave.  This  is 
confirmed  by  the  results  of  Section  6. 


Section  4 


BASIC  ERROR  EQUATION  ANALYSIS 


The  error  equation  derived  in  Section  1  may  be  written 

P  =  Q( AD)  +  Q(D)  (4-1) 

where  the  other  terms  of  Equation  1-1  are  dropped  because  of 
their  small  relative  size,  and  where, 

P  =  4  (pseudo  error  rate)  =  4  (count  down  ratio) 

Q  =  complementar  distribution  function,  unknown 

A  =  normalized  dispersion,  measured 

D  =  normalized  noise,  unknown 

In  the  use  of  Equation  4-1  ‘  .  i  ference  1  and  in  Section  1,  the 
noise  which  generated  the  d. sir 'bution  function  Q  was  assumed  to 
be  Gaussian.  Accordingly,  L.  equation  4-1  for  that  case,  Q  is  a 
known  functional  form  and  P  and  A  are  known  values.  A  value  of 
P  is  selected  for  use  as  BEM  input  and  A  is  measured  as  the 
resulting  BEM  output  Then,  for  ea^  h  t  .ir  of  known  values  (P, 

A)  Equation  4-1  may  be  uniquely  sol  ed  lor  D,  the  only  unknown 
value  ’■  i  the  equation.  A  measure  of  *  closeness  of  Q  to  a 
true  Gaussian  distribution  is  provided  ~  the  values  of  D 
computed  for  each  pair  ( r ,  A). 

In  a  real  problem  uf  unknown  wave  forms,  the  selected  pseudo 
error  rate  and  a  measured  A  =  (A/D)  ratio  are  the  only  known 
quantities.  However,  to  solve  the  equation,  it  is  necessary  to 
know  the  distribution  function  of  the  unknown  wave  form.  This 
identification  problem  of  unknown.  Q  has  been  studied,  and 
methods  of  solution  have  been  investigated.  The  method  of 
Gram-Charlier  for  representing  density  functions  is  one  ap¬ 
proach,  now  described.  This  procedure,  applied  to  the  present 
problem,  expands  the  density  function  of  the  distribution  in  a 
series  whose  terms  are  the  normal  density  function  and  its 
derivatives.  To  illustrate  this,  the  following  notations  are 
used: 

f(u)  =  an'  general  density  function 
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f(t)  =  distribution  function 
=  J  f(u)du.=  P(u<t) 

—  CO 

Q(t)  =  complementary  distribution  function 
=  1  -  F(t)  =  p(u>t) 

The  present  application  represents  f(y)  in  a  series  of  terms 
given  by  the  normal  density, 


g(y)  = 


-1  e-y2/2 


m 

and  its  derivatives.  Thus, 

f (y )  =  c0g(y)  +  Cig'(y)  +  c2g"(y)  +  ...» 

which  are  coefficients  to  be  determined  from  the  measured 

data,  as  now  discussed  from  the  definition  of  g(y),  it  follows 
that 


9'  <y) 


-v2/2 


e-y 


y» 


and  other  t<  rms  of  the  series  are  found  by  sequential 
dif ferentiat ion . 

From  the  derivation  of  the  error  equations  in  Section  4,  the 
relation  between  the  pseudo  error  rate,  the  measured  A  =  (A/D) 
ratio,  and  the  unknown  D  =  (D/N)  ratio  is  (to  a  two  term 
approximation) 

P  =  C(A*D)  +  Q(d) 

where 

P  =  4  x  psuedo  error  rate,  known 

Q  =  the  unknown  complementary  distribution  function 
A  =  (A/D)  ratio,  unknown 
D  =  (D/N)  ratio,  unknown 
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Sequential  differentiation  of  g(y)  shown  that  the  expansion  for 
f (y)  nay  be  written 

f (y)  =  b0e-y2/2  +  b^y  e_y2/2  +b2y2e-y2/2  +  ... 


by  absorbing  constants  into  the  undetermined  coefficients  b]_. 
Integration  of  f(y)  gives 

00  00  00 

Q(y)  =  b0  /  eu2/2  du  +  b1  /  ue"u2/2  du  +  b2  /  u2e~u2//2  du+... 

y  y  y 

for  as  many  terms  as  used  in  the  representation,  and  it  is  seen 
that  the  expression  is  related  to  the  moments  of  the 
distribution.  In  order  that  f(y)  be  a  density  function,  it  is 
necessary  that 

f  (y)  ->0  as  y  •>  ±  °° 

Q(-»)  =  1 

The  form  of  f(y)  assures  that  the  first  condition  is  met,  and 
the  second  condition  imposes  the  requirement  on  the 
coefficients, 

00  00  CO 

1  =  b o  / e_u2/2  du  +  bi  f  ue~u2/2  du  +  b2  /  u2e-u2/2  du  + _ 


which  is  easily  evaluated  in  terms  of  normal  density  functions. 

The  other  conditions  for  determining  the  coefficients  are  given 
by  the  pseudo  error  rate  equation, 

P  =  Q( A*D)  +  Q(D) 

given  above,  with  only  D  as  the  unknown,  and  Q  is  expressed  by 
the  Gram-Charlier  series. 

For  selected  values  of  the  pseudo  error  rate,  P  is  known,  A  is 
measured,  and  the  form  of  Q  is  given  by  the  above  series 
expression.  The  unknown  coefficients  may  be  determined  in  the 
following  way,  using  only  three  coefficients,  bQ,  b^,  b2  for 
illustration. 

For  three  selected  pseudo  error  rates,  and  three  measured  values 
of  A,  called  P3,  P2,  P3,  and  A3,  A2,  A3,  these  values  are  known. 
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The  above  equation  evaluated  at  these  points  then  becomes  the 
set  of  equations, 

Pi  =  Q(A]D)  +  Q(D) 

P2  =  Q(A2D)  +  0(D) 

P3  =  Q(A3D)  +  Q(D) 

Q(-»)  =  1 
where  for  example 


Q(AiD)  =  b0 


ye-u 


2/2  du  +  bi  /  ue~u2/2  dy  +  b2 


J  u^e~u^^  dy 
a3d 


with  similar  expressions  for  Q(A2D)  and  Q(A3D)  Q(-»)  =  l  given 
in  expanded  form  above. 


The  above  four  equations  in  their  expanded  form  provide  for  th. 
explicit  determination  of  the  unknowns,  D,  bg,  b3 ,  b2,  by 
numerical  techniques.  With  the  coefficients  known,  the 
ditribution  is  known.  This  distribution  may  then  be  compared 
with  the  distribution  of  specific,  known,  interfering  wave  forms 
to  match  the  observed  results  with  a  standard  form.  Methods  for 
making  the  comparison  are  discussed  in  Sections  9,  10  and  11. 


Practical  numerical  methods  for  approximating  the  above  analysis 
are  given  in  Sections  5,  6,  7,  and  8. 
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Section  5 


BASIC  RELATIONS  DETERMINED  BY 
EXPERIMENTAL  BEM  MEASUREMENTS 


5 . 1  INTRODUCTION 

As  discussed  in  Section  4  and  in  Reference  1,  the  basic  equation 
which  relates  the  measured  pseudo  error  rate  to  the  probability 
of  detecting  a  pseudo  error  is 

P  =  Q(AD)  +  Q(D)  (5-1) 

where, 

P  =  4x  (measured  pseudo  error  rate) 

=  4/C 

C  =  countdown  factor 

A  =  (a/d),  a  known  value 

D  =  (d/n),  an  unknown  value 

n  =  standard  deviation  of  the  error  signal 

d  =  known  constant  =0.9  volt  for  BEM  tests 

a  =  (measured  dispersion)/ll .05 

11.05  volts  =  reference  for  BEM  tests 

Q  =  complementary  distribution  function. 

The  countdown  factors  chosen  for  the  BEM  test  were  C  =  (9216, 
4608,  2304,  1152,  288,  72,  36,  20).  For  each  chosen  value  of  C, 
P  =  C/4  is  a  known  constant,  and  from  BEM  measurements  for  a 
given  signal  type,  a  dispersion  value  is  measured.  The  vari¬ 
ables  a  and  A  defined  above  are  then  given  by 

»  =  (measured  dispersion),/ll .05 

A  =  (measured  dispersion/'(9  x  11.05) 

A  =  (measured  dispersion)/(9 .945) 
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Since  the  dispersion  is  measured  and  C  is  measured,  P  and  A  are 
known  quantities  in  Equation  5-1.  If  the  form  of  the  distribu¬ 
tion  Q  is  assumed  known,  as  was  the  case  in  Reference  1,  then  D 
is  the  only  unknown  and  the  equation  may  be  solved  for  D. 

However,  if  the  distribution  of  the  error  signal  is  not  neces¬ 
sarily  Gaussian,  but  unknown,  then  a  sequence  of  BEM  measure¬ 
ments  (to  provide  a  set  of  values  A  for  a  set  of  selected  values 
C)  could  then  be  used  to  construct  the  form  of  the  distribution 
G  for  different  selected  error  signals. 

If  the  measurements  produced  a  sufficiently  different  Q  distri¬ 
bution  for  each  of  the  error  signal  types  selected,  then  the  Q 
distribution  (constructed  from  the  BEM  measurements)  of  an 
unknown  signal  could  possibly  be  used  for  its  identification. 
This  would  be  done  by  selecting  the  known  distribution  which 
most  nearly  corresponds  to  the  unknown  distribution.  To  accom¬ 
plish  the  task  of  signal  identification  using  the  BEM  measure¬ 
ments  described  above,  a  sequence  of  steps  is  required: 

1.  Select  signals  to  be  used  for  reference. 

2.  Using  BEM  measurements,  determine  the  dispersion  value 
corresponding  to  each  selected  countdown  ratio  for  each 
signal  type. 

3.  Repeat  Step  2  for  each  of  several  selected  signal  power 
levels. 

4.  Develop  a  method  for  determining  the  form  of  the  Q 
distribution  for  each  selected  reference  signal. 

5.  Analyze  the  results  graphically  to  determine  if  the 
resulting  Q  distributions  are  sufficiently  different  to 
offer  the  possibility  tor  identification  of  an  unknown 
s  ignai . 

6.  Assuming  a  positive  result  in  Step  5,  develop  a  method  for 
the  analytical  discrimination  of  signals,  the  method  to  be 
computer  based  and  more  powerful  than  the  graphical 
analysis  of  Step  5. 

7.  Develop  computer  programs  as  required  in  the  above 
sequence  to  support  the  analysis  and  perform  numerical 
calculations. 
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8.  Formalize  the  computer  programs  so  that  BEM  measurements 
of  an  unknown  signal  are  input  to  a  computer  program, 
resulting  in  the  identification  of  the  unknown  signal. 

Steps  1,  2,  and  3  have  been  discussed  in  Section  2.  The 
remaining  steps  will  be  described  in  the  sections  following. 


5.2  DETERMINATION  OF  THE  COMPLEMENTARY  DISTRIBUTION  FUNCTION 

A  general  discussion  of  the  probability  distributions  associated 
with  the  fundamental  Equation  5-1  has  been  given  in  Section  4. 
Here  a  method  for  the  practical  determination  of  the  Q  distribu¬ 
tion  is  presented. 

Repeating  Equation  5-1  for  convenience, 

P  =  Q(AD)  +  Q(D) 

where  the  terms  are  defined  in  Subsection  5.1,  it  is  again 
recalled  that  the  solution  for  D  is  a  known  function,  for  D  is 
the  only  unknown  in  a  single  equation.  In  the  present  case, 
however,  Q  is  unknown  and  it  is  necessary  to  determine  its 
functional  form.  This  can  be  done  in  an  approximate  way,  as 
outlined  in  Section  4  by  evaluating  the  equation  for  a  sequence 
of  known  countdown  ratios  and  their  corresponding  dispersions, 
as  provided  by  BEM  measurements.  The  procedure  given,  however, 
is  computationally  quite  involved. 

In  order  to  approach  the  present  problem  from  a  practical, 
computational  viewpoint,  approximations  to  Q  which  are  linear  in 
the  coefficients  were  investigated.  This  was  carried  out  com¬ 
putationally  for  a  variety  of  different  distributions.  Two  of 
these  which  are  significantly  different  in  shape,  the  Gaussian 
and  the  CW  wave,  were  investigated  and  it  was  found  that  approx¬ 
imations  within  an  error  of  less  than  5  percent  were  possible 
when  using  equations  which  are  linear  in  the  coefficients. 

Using  the  approximation, 

Q  =  0.5  +  az  +  bz^  +  cz  3  +  dz4, 

in  the  pseudo  error  rate  equation,  for  illustration,  gives 

P  -  1  =  a  ( A*D)  +  b  (AD)2  +  c  (AD)3  +  d  (AD)4  + 
a  (D)  +  b  (D)2  +  c  (D)3  +  d  (D)4 
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This  represents  one  equation  and  5  unknowns  a,  b,  c,  d,  D.  By 
selecting  4  different  values  of  P,  and  4  measured  values  of  A, 
the  equation  is  evaluated  at  each  of  these  points.  Let  P  -  1  = 

G,  and  the  equations  are  (evaluated  at  the  subscript  point  i), 

G1  =  a  (Al-D)  +  b  (Al-D)2  +  C  (Al*D)3  +  d  (Al'D)4  + 
a  (D)  +  b  (D)2  +  C  (D3)  +  d  (D)4, 

plus  three  other  similar  equations  evaluated  at  other  selected 
points,  A2,  A33,  A4 ,  and  G2,  G3 ,  G4 . 

These  four  equations  are  augmented  by  conditions  on  the  distribu¬ 
tion  function,  as  shown  below,  to  provide  the  required  number  of 
equations. 

The  resulting  equations  define  the  problem,  and  their  solution 
provides  the  desired  result;  that  is,  a  determination  of  the 
unknown  noise  factor  D,  and  the  complementary  distribution 
function  Q. 

The  particular  form  of  the  equation  chosen  for  illustration  is 
linear  in  the  coefficients  and  is,  therefore,  particularly  easy 
to  solve. 

It  is  noted  from  the  above  G1  equation  that  the  unknowns  a,  b, 
c,  d,  D  are  not  linearly  related  because  of  product  terms,  aD, 
bD2,  cD3,  aD4.  However,  as  now  shown,  these  equations  are 
easily  solved.  To  accomplish  this,  recall  that  the  values  of 
Gl,  G2,  G3,  G4;  Al ,  A2 ,  A3,  A4  are  known.  Then  let  the  new 
unknowns  t,  u,  v,  w  be  introduced  by  the  relations, 

aD  =  t 
bD2  =  u 
cD3  =  v 
dD4  =  w 

Then,  substitution  into  the  G  equations  gives 

Gl  =  (Al+1)  t  +  (Al2+1)  u  +  (Al3+1)  v  +  (Al4+1)  w 

G2  =  ( A2+1 )  t  +  ( A22+l )  u  +  ( A23+l )  v  +  (A24+l)  w 

G3  =  (A3+1)  t  +  ( A32+l )  u  +  (A33+l)  v  +  (A34+l)  w 

G4  =  ( A4  +  1 )  t  +  (A42+l)  u  +  ( A43  f 1 )  v  +  (A44  +  l)  w 

which  are  four  linear  equations  for  the  four  unknowns  t,  u,  v,  w 
determined  by  the  known  values  Gl,  G2,  G3,  G4;  Al ,  Al ,  A3,  A4 . 

so  that 


Q  =  1-F  =  0.5  +  /  f  (z)  dz 

o 


J. 
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from  this,  the  derivative  of  Q  (z)  is 


Q  (z)  =  ~F  (z) 

and  the  variance  of  z  may  be  written,  (see  Equation  5-la,  next 
page) 


o z2  =1=2/  z2  f  (z)  dz 
o 


=  -2  /  z2  q'  (z)  dz 

o 

where  zero  mean  is  assumed,  and  K  is  the  value  of  z  for  which 
the  distribution  is  essentially  zero.  (Since  Q  is  a  distribu¬ 
tion,  such  a  point  K  must  exist).  Another  unknown,  K,  has  been 
introduced  into  the  problem,  but  the  Q  approximation  yields  addi 
tional  information.  Using  the  expression  for  Q  and  integration 
the  z^  equation  above  by  parts  gives, 

Q(K)  =  0  =  0.5  +  aK  +  bK2  +  cK3  +  dK4  (5-2) 

4  =  fK  z  Q  (z)  dz  =  JK  (0,5z  +  az2  +  bz3  +  cz4  +  dz^)  dz, 

"*  o  o 

1  (K5_  a_  b  c  d_ 

4  =  2  K2  +  3  K3  +  4  K4  +  5  K5  +  6  K6 

(5-3) 

The  solution  of  these  equations  gives  specific  known  values  for 
t,  u,  v,  w.  Let  these_be_denoted  t,  u,  v,  w.  Then,  from  the 
above  definitions  for  t,  u,  v,  w, 

a  =  t/D 

b  =  u/D2 

c  =  v/D3 

d  =  w/D4 

The  remaining  equations  required  to  complete  the  solution  are 
provided  by  the  following  relations. 
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For  a  random  interfering  wave,  represented  by  the  random  vari¬ 
able  X,  its  variance  may  be  denoted  by  •  This  random 
variable  may  then  be  normalized  by  introducing  the  random 
variable  z  defined  by  z  =  x/ax. 


Then,  by  the  definition  of  a  variance. 


x 


=  1. 


(5-la) 


x 


The  normalized  complementary  distribution  may  be  approximated, 
as  indicated  above,  by 

Q  =  0.5  +  az  +  bz2  +  cz2  +  dz4, 

with  density  function  f(z)  and  oz  =  1. 

The  distribution  function  F  may  be  written 


F  =  0.5  +  /  f(z)  dz,  • 

o 

From  the  solution  of  the  simultaneous  equations,  recall  that  t, 
u,  v,  w  are  now  known,  and  that 

a  =  t/D,  b  =  u/D2,  c  =  v/D2,  d  =  w/D4 

Substitution  in  the  two  previous  Equations  5.2  and  5.3  gives 


0  =  0.5  +  t 


(ji)  +  u(!)\v(K)\w(K)< 


-[H%M(§K(K5)2+n§)3  (e?)1 


(5-4) 


(5-5 


D  = 


(K/D) 


D  =  do /o  ;  therefore, 

X 


=  do/D,  where  do  is  the  voltage  offset. 
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The  sequence  of  solution  is  this: 

a.  Measure  dispersion  values  using  BEM  for  each  selected 
countdown  ratio. 

b.  Solve  the  simultaneous  system  for  t,  u,  v,  w. 

c.  Solve  Equation  5.4  for  (K/D),  knowing  t,  u,  v,  w. 

d.  Solve  Equation  5.5  for  K,  knowing  t,  u,  v,  w,  (K/D). 
Compute  D  =  ( 1/ (K/D)  •  K,  knowing  (K/D)  and  K 

Compute  ox  =  d0/D,  knowing  d0  and  D 

Compute  a  =  t/D,  b-  u/D2,  c  =  v/D3,  d  »  w/D4, 
knowing  t,  u,  v,  w,  D 

Evaluate  Q  *  0.5  +  az  +  bz2  +  cz3  +  dz4 

knowing  a,  b,  c,  d.  This  is  the  desiied 
distribution. 

The  above  procedure  has  been  carried  out  and  exercised  for 
numerous  cases  of  measured  data.  The  above  illustration  was  for 
a  curve  fit  involving  four  unknown,  which  leads  to  an  approxi¬ 
mating  equation  of  degree  four,  'eh is  required  the  use  of  four 
countdown  ratios  and  four  measured  dispersion  from  BEM.  Similar 
analyses  have  been  carried  out  wit''  polynomial  equations  of 
higher  degree,  requiring  more  count,  ratios  and  dispersion 
measurements.  Results  of  all  these  analyses  are  discussed  in 
Section  6  and  7. 

Since  BEM  measurements  (see  Section  2)  were  taken  for  eight 
countdown  ratios,  it  is  possible  to  fit  a  curve  of  a  given 
degree  with  an  excess  of  data,  rather  than  fit  the  curve  with 
the  minimum  required  number  of  points  The  use  of  an  excess  of 
data  suggests  a  least  squares  procedut for  fitting  the  data  to 
the  curve.  Least  squares  results  are  discussed  in  Sections  6 
and  7. 


Section  6 


CURVE  FITTING  METHODS  FOR  BEM  DATA 


6.1  FITTING  AT  SELECTED  POINTS 

In  Section  5,  the  basic  error  rate  equation, 

•  P  =  Q(AD)  +  Q(D)  . 

was  solved  by  assuming  a  polynomial  form  for  Q  and  evaluating 
the  equation  at  selected  values  of  countdown  ratios  and  the 
corresponding  measured  values  of  the  dispersion.  Thus,  the 
function  Q  was  forced  to  pass  through  selected  points.  The 
illustration  used  in  Section  5  was  based  on  assuming  a  poly¬ 
nomial  of  degree  four,  evaluated  at  four  corresponding  pairs  of 
countdown  ratios  and  dispersions.  Alternatively,  equations  of 
degree  three  to  eight  were  considered  during  the  analysis.  As 
is  well  known,  this  type  of  curve  fitting,  called  collocation, 
leads  to  considerable  error  between  the  fitting  points  if  the 
degree  of  the  fitting  equation  is  too  high.  After  considerable 
experimentation,  an  equation  of  degree  four  and  the  four  count¬ 
down  ratios  9216,  2304,  288,  36,  were  used.  Figure  6-1  shows 
the  results  for  several  different  signal  types,  each  signal  type 
being  averaged  over  the  first  four  experimental  power  levels. 
Results  from  other  power  levels  are  similar.  Observation  of 
Figure  6-1  shows  that  the  Q  curves  for  the  signals  represented 
are  significantly  different. 


6.2  LEAST  SQUARES  FITTING 

As  mentioned  in  Subsection  6.1,  collocation  methods  lead  to 
unwanted  oscillations  between  fitting  points  for  polynomials  of 
high  degree.  To  produce  a  smoother  Q  curve,  the  method  of  least 
squares  was  used.  Following  is  a  brief  derivation  of  the  method 
applied  to  the  present  problems. 

6.2,1  Derivation  of  Least  Squares  Algorithm  for  the  Present 
Application 

Using  a  polynomial  of  degree  four,  for  example,  the  Q  function 
is  represented  by, 


Q  =  0.5  +  az  +  bz^  +  cz^  +  dz' 
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INTERFERENCE  COMPARASIONS  OF  Q(z) 
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FIGURE  6-1.  INTERFERENCE  COMPARISONS  OF  Q(z) 


70 


4. 


Substitution  of  this  form  into  the  fundamental  error  rate 
equation, 

P  =  Q( AD)  +  Q(D) , 

and  letting  G  =  P-1  gives 

G  =  aD( 1+A)  +  bD2(l+A2)  +  cD3(l+A3)  =  dD4{l+A4)  (6-1) 

Since  the  Q  curve  is  to  be  determined  from  experimental  data, 
the  Equation  6-1  will  not  be  satisfied  exactly.  Instead,  for 
each  measured  value  A  an  error  exists  between  G  and  the  right 
side  of  the  equation.  Let 

e  =  G  -  [aD( 1+A)  +  bD2 ( 1+A2 )  +  cD3(A+A3)  +  dD*(l+A4)  1  ,  (6-2) 

be  the  error  at  each  point  of  the  equation.  The  least  squares 
solution  then  seeks  to  determine  the  coefficients  (aD),  (bD2), 
(cD3)  so  that  the  total  error,  Ee2  is  a  minimum  where  summed 
over  all  input  values  A.  As  in  Section  5,  write  the  unknown 
coefficients  in  the  form, 

t  =  AD,  u  =  bD2,  v  =  cD3,  w  =  dD4,  (6-3) 

and  insert  these  in  Equation  6-2.  The  conditions  on  t.,  u,  v,  w, 
for  minimizing 


are, 

3E/3t  =  0,  3E/3u  =  0,  3E/3v  ■  0,  3E/3W  =  0 

Then,  using  the  right  side  of  Equation  6-2  to  define  E,  the 
resulting  equations  are 


3E 

3t 

Ee 

3  e 

3t 

-Ee (1+A) 

=  0 

3E 

3u  " 

Ee 

3e 

3u 

-Ee (1+A2) 

=  0 

3E 

3v  " 

Ee 

3  e 

3v 

-Ee (1+A3) 

=  0 

ii 

|ro 

E  £ 

3e  „ 
3w 

-Ee (1+A4) 

=  0 
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The  substitution  of  expression  for  E  given  by  Equation  6-2  into 
the  above  relations,  using  the  expressions  in  Equation  6-3,  pro¬ 
vide  four  linear  equations  for  the  determination  of  the  unknowns 
(t,u,v,w).  The  first  equation  is, 

tE(l+A)2  +  uE(l+A2)  (1+A)  +  VE  ( 1+A3 )  (1+A)  +  w£(l+a4)  (1+A) 
=  EG  (1+A), 

and  the  remaining  three  equations  are  similarly  derived.  Prom 
this  point  onward,  the  procedure  for  determining  the  comple¬ 
mentary  distribution  function  Q  as  a  function  of  the  nondimen- 
sicnal  random  variable  z  is  identical  to  that  given  in  Sec¬ 
tion  5.  For  the  two  procedures,  collocation  or  least  squares, 
exactly  tl.e  same  computer  programs  are  used,  except  for  the  two 
different  programs  which  compute  the  coefficients.  Details  of 
all  these  are  discussed  in  Section  7. 

As  in  Section  5,  the  use  of  a  fourth  degree  equation  was 
typical,  not  required.  The  set  of  computer  programs  will 
accept,  by  simple  input  dec1 arations,  polynomials  as  large  as 
deqree  eight,  and  as  many  as  eight  countdown  ratios.  These 
limit  values  may  be  easily  extended  in  the  set  of  computer 
programs  if  desired. 

For  the  present  application,  after  extensive  experimentation,  it 
was  found  that  the  smoothest  and  most  consistent  curves  for  Q 
were  generated  by  using  a  polynomial  of  degree  four  and  the  five 
countdown  ratios  (9216,  2304,  1 1 T 2 ,  288,  36)  processed  by  the 
leas;  squares  program. 
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Section  7 


COMPUTER  PROGRAMS  FOR  DETERMINING  Li..xRIBUTION 
FUNCTIONS  FROM  MEASURED  BEM  DATA 


7.1  DISCUSSION 

In  Sections  5  and  6,  the  algorithms  selected  for  computing  the 
complementary  Q  distribution  function  were  derived  and  discussed. 
Given  in  Section  7 . 2  are  the  names  of  the  BASIC  computer  pro¬ 
grams  which  were  developed  to  compute  the  Q  distributon  as  a 
function  of  the  normalized  random  variable  z.  These  have  been 
converted  to  FORTRAN  and  are  listed  and  documented  in  Appendix 
D,  using  the  same  names  except  for  prefix.  That  is,  LFLSQl 
becomes  SGHSQl. 

The  reason  for  the  introduction  of  a  normalized  random  variable 
is  to  minimize  the  effect  of  different  power  levels  on  the 
distribution  function.  The  present  approach  accomplishes  this 
quite  well. 

Results  of  a  number  of  sample  runs  for  different  signal  types 
are  given  in  Section  8.  These  show  that,  in  general,  discrimin¬ 
ation  from  a  graphical  viewpoint  is  possible  for  the  signal 
types  considered  for  a  variety  of  different  power  levels. 

The  visual  observations  of  the  plotted  Q  curves  can  be  made  more 
accurate,  and  also  automatic,  by  using  discrimination  algorithms 
which  output  an  estimate,  with  a  specified  confidence,  of  the 
type  of  signal  which  is  causing  the  interference.  This  is  accom¬ 
plished  by  a  sequence  of  computer  programs  which  are  described 
in  Section  10.  This  section  deals  only  with  the  generation  of  Q 
distribution  curves. 


7.2  COMPUTER  PROGRAMS 

The  programs  which  accept  BEM  experimental  data  input,  and  out¬ 
put  the  Q  distribution  as  a  function  of  the  normalized  random 
variable  z  are  implementations  of  the  algorithms  developed  in 
Section  5.  These  programs  perform  the  following  functions  (see 
Figure  7-1),  with  reference  to  Section  5. 
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FIGURE  7-1.  SOFTWARE  PROGRAM  SEQUENCE 


The  sequence  of  programs  given  in  Figure  7-1  are  for  the  case  of 
curve  fitting  by  least  squares.  Fitting  by  collocation  may  be 
accomplished  by  substituting  the  program  listed  on  page  D-26 
for  program  SQHSQl,  all  other  programs  remaining  the  same. 
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Section  8 


RESULTS  OF  COMPUTER  PROGRAMS  APPLIED  TO  BEM  DATA 


8.1  DISCUSSION 

During  the  development  of  the  computer  program  algorithms, 
runs  were  made  for  various  combinations  of  countdown  ratios 
and  measured  dispersions  for  different  assumed  degrees  of  the 
fitting  polynomials.  This  was  repeated  for  each  of  the  signal 
types  considered  and  for  a  variety  of  power  levels. 

Of  particular  interest  is  the  fact  that  the  normalization 
procedure  described  in  Section  5  served  to  a  large  extent  to 
suppress  the  dependence  of  the  Q  curve  on  the  power  level  of  the 
data.  This  permitted  the  possibility  of  signal  identification 
without  regard  to  externally  measuring  the  power  level  with 
additional  equipment. 

The  results  of  some  of  the  development  runs  are  shown  on  the 
following  figures  which  give  plots  of  the  Q  function  for 
conditions  indicated  thereon. 

Figure  8-1  gives  a  summary  of  25  runs  for  the  signal  AM  MOD  100 
percent  using  collocation,  curve  of  degree  four,  and  all 
measured  power  levels.  The  curves  shown  the  extremes  and 
average  values.  The  curves  show  the  normalizing  effect  of  the 
selected  algorithms.  In  this  figure,  four  countdown  ratios  were 
used  as  shown;  in  each  run  the  corresponding  dispersion  value 
was  selected  from  the  BEM  measured  data. 

Figure  8-2  shows  several  different  runs  for  different  signal 
types  as  indicated.  This  figure  shows  the  beneficial  effects  of 
normalization  and  the  good  visual  discrimination  between  the 
signal  types. 

Figures  8-3  and  8-4  again  show  mhe  indicated  signal  types  at 
different  power  levels  and  the  effect  of  normalization.  The  two 
curves  show  the  FM  modulating  tone  differences  are  not  detect¬ 
able  in  terms  of  the  distribution  function.  This  was  to  be 
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FIGURE  8-2.  GAUSSIAN  NOISE  SINE  MOD  FM  MOD 
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FIGURE  8-3.  FM  MOD  100  HZ  TONE  SUMMARY  COLLOCATION 
3.1864  MHZ  CARRIER 
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FIGURE  8-4.  FM  MOD  5  KHZ  TONE  SUMMARY  COLLOCATION 
3.1864  MHZ  CARRIER 


expected  since,  to  the  first  order,  a  probability  distribution 
for  a  random  sine  wave  was  added,  as  shown  in  Section  3.  A 
difference  would  have  been  detected  if  the  FM  modulation  had 
involved  random  noise. 

Figure  8-5  shows  a  summary  of  different  signal  types  of  the 
types  indicated. 

These  curves  represent  only  a  few  of  the  runs  completed  during 
development.  Runs  for  least  squares  using  five  countdown  ratios 
and  polynomials  of  different  degrees  were  also  used  during 
development.  The  least  square  method  using  five  countdown 
ratios  and  a  polynomial  of  degree  four  was  found  to  be,  on  the 
average,  most  suitable  as  the  standard  format  because  of  the 
smoothness  and  consistency  of  the  results.  After  initial 
testing  and  development,  this  combination  was  selected  as  the 
standard  for  building  up  the  data  base  for  later  comparison  with 
unknown  signals.  The  construction  of  this  data  base  is 
discussed  in  Section  9. 
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Section  9 


ANALYTICAL  METHODS  FOR  DISCRIMINATING 
BETWEEN  SIGNAL  TYPES 


9.1  PATTERN  RECOGNITION  METHODS 

Pattern  recognition.  References  2,  3  and  many  others,  has  become 
a  well  organized  procedure  in  recent  years  for  classifying 
objects  as  belonging  to  certain  known  groups.  Following  is  a 
brief  discussion  of  some  of  the  basic  ideas  involved  which  are 
pertinent  to  the  present  application.  Since  a  significant 
amount  of  computation  is  involved,  even  in  simple  cases,  the 
discipline  is  strongly  oriented  to  computer  usage  for  applied 
problems.  After  a  brief  orientation,  a  particular  method  for 
the  present  application  is  selected  and  discussed. 


9.2  SOME  GENERAL  COMMENTS 

Consider  a  set  of  classes  and  a  set  of  features  for  each  member 
of  a  class.  It  is  assumed  that  all  classes  have  similar 
features  but  that  the  numerical  values  of  the  similar  features 
for  different  members  of  the  classes  are  (or  may  be)  different. 
For  example,  consider  a  collection  of  round  wooden  rods  which 
have  the  two  features  of  diameter  D  and  length  L.  Then, 
separate  the  rods  into  two  classes:  the  first  class  contains  all 
rods  which  weigh  less  than  W  pound  each;  the  second  class 
contains  all  rods  which  weigh  greater  than  W  pounds  each.  Each 
class  may  have  many  members,  but  each  member  of  either  class  has 
only  two  measurable  features:  diameter  D  and  length  L. 

The  problem  is  to  develop  a  rule  so  that  an  arbitrarily  chosen 
rod  of  measured  D  and  measured  L  can  be  assigned  to  its  proper 
class.  If  this  can  be  done,  discrimination  (or  pattern 
recognition)  has  been  accomplished. 

This  simple  example  illutrates  a  number  of  important  aspects  of 
discrimination : 

1.  Each  class  is  well  defined. 

2.  Each  class  contains  items  which  have  measurable  features. 
These  features  are  well  defined  and  the  same  for  each 
class. 
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3.  The  numerical  values  of  the  measured  features  are  (or  may 
be)  different  for  each  item. 

4.  Prior  to  application  of  the  discrimination  rule,  any 
arbitrarily  selected  item  may  belong  to  any  of  the 
classes. 

5.  A  proper  discrimination  rule  will  place  an  arbitrary  item 
in  its  proper  class,  or  at  least  in  a  class  with  a  certain 
probability  of  success. 

From  the  simple  example  and  the  above  observations,  some 
conclusions  may  be  inferred: 

1.  The  features  chosen  for  measurement  are  not  unique. 

2.  The  features  chosen  for  measurement  may  not  be  sufficient 
for  discrimination. 

3.  The  algorithm  which  defines  functional  relations  between 
measured  features  to  produce  a  discrimination  rule  is  not 
unique  and  may  not  be  adequate  for  discrimination. 

4.  In  general,  the  best  features  and  the  best  algorithm  using 
those  features  for  discrimination  are  not  known  in  ad¬ 
vance.  Instead,  they  are  chosen  from  various  standardized 
forms,  and  then  tested  against  experimental  data  for 
verification. 

In  the  simple  example  of  the  wooden  rods,  a  discriminate  may  be 
calculated  from  geometry  if  the  wooden  material  is  assumed  to  be 
of  the  same  density.  Then,  the  weight  of  a  single  rod  is 
proportional  to 

z  =  K  D2  •  L 

which  will  determine  the  proper  class.  However,  simple 
geometric  relations  like  this,  in  general,  do  not  exist;  or  if 
they  do,  the  complexity  of  the  problem  makes  the  relations  not 
obvious.  Also,  in  general,  it  is  not  obvious  in  advance  if  the 
measured  features  are  sufficient  for  discrimination.  In  simple 
cases,  however,  the  inadequacy  is  obvious.  In  the  present  case, 
if  the  rods  were  made  of  varying  buy  unknown  material,  then 
measurements  of  D  and  L  alone  would  certainly  not  determine  the 
weight  of  the  rod.  Based  on  the  above  and  other  more  advanced 
considerations,  a  discrimination  problem  requires,  at  least: 

1.  A  definition  of  the  classes  to  be  considered. 

2.  An  assumption  of  the  number  and  kind  of  features  to  be 
measured . 
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3.  An  assumption  of  the  general  form  of  the  functional 
relation  to  be  used  for  constructing  the  discrimination 
algorithm.  This  will  contain  a  set  of  initially  unknown 
parameters,  to  be  determined  by: 

-  A  set  of  items  from  which  measured  values  of  the 
selected  features  may  be  obtained  to  construct  the 
parameters  of  the  discrimination  algorithm. 

4.  Verification  of  the  discrimination  algorithm,  so  that  it 
determines  the  proper  class  for  a  measured  item. 

When  the  classes  and  the  features  are  selected,  and  the  measured 
data  is  tabulated  for  each  item,  it  is  generally  not  possible  to 
properly  assign  each  item  to  a  class  because  of  the  scatter  of 
the  data  and  the  complexity  of  the  problem.  In  the  discriminate 
approach  to  pattern  recognition,  it  is  assumed  that  a  discrim¬ 
inate  of  the  form 

Z  =  f (a,x ) 

can  be  found  which  will  separate  the  set  of  items  into  classes. 
This  means  that  if  the  scalar  Z  is  computed  for  an  arbitrary 
item,  then  the  value  of  the  scalar  determines  the  proper  class. 
In  the  formula,  f  is  a  selected  functional  form,  a  is  a  vector, 

a  =  [a ,  a2»  33,  — an] 

of  parameters  to  be  determined  from  measured  data,  and  X  is  a 
vector 

X  =  1X3,  X2,  X3,  —  XJ 

of  selected  features  to  be  measured.  The  idea  is  that,  although 
the  raw  measurement  data  will  not  classify  the  item,  a 
combination  of  its  features  will  classify  the  item  when  the 
discriminate  Z  is  properly  chosen.  This  is  similar  in  principle 
to  choosing  a  polynomial  form  and  a  least  squares  criteria  for 
an  estimation  problem. 

As  in  many  areas  of  applied  analysis,  discriminates  are  divided 
into  two  braod  classes:  linear  and  nonlinear.  The  latter 
offers  better  possibilities  for  discrimination,  but  at  the 
expense  of  simplicity.  For  a  linear  assumption,  the 
discriminate  may  be  written: 

Z  =  A  •  X  +  W0 
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when  A  is  the  above  vector  of  parameters  and  X  is  the  above 
vector  of  features.  WQ  is  a  scalar  selected  to  set  the  base 
level  of  the  discriminate  Z. 

First,  suppose  there  are  only  two  classes  and  for  all  data  items 
Z ^ >  K  >Z2*  Then,  an  arbitrary  item  with  Z  greater  than  K 
belongs  to  class  1;  otherwise  to  class  2. 

Next,  suppose  there  are  three  classes  and  for  all  data  items 
Zj>  Ki>  Z2>K2>Z3.  Then ,  an  arbitrary  item  with  Z  >  K2 , 
for  example,  will  be  compared  with  both  Zj  and  Z2  to  determine 
its  class.  A  similar  argument  holds  for  a  greater  number  of 
classes. 

In  making  the  binary  comparisons,  it  is  noted  that  all  the  data 
from  classes  i,j  is  used  to  compute  the  Z  discriminate  for  those 
classes. 

An  alternative  approach  is  to  consider  all  classes  at  the  same 
time.  The  derivations  for  both  approaches  is  well  known  in  the 
literature.  See,  for  example,  References  2  and  3. 


9.3  APPLICATION  TO  PRESENT  APPLICATION 

1.  Selection  of  classes  for  consideration. 

2.  Selection  of  features  to  be  measured. 

3.  Selection  of  expet imental  data  from  which  numerical  values 
of  the  features  arc  computed  for  each  individual  of  a 
class. 

4.  Selection  of  a  method  for  placing  an  unknown  individual  in 
its  proper  class. 

5.  Selection  of  a  computational  method  for  establishing  a 
data  base  to  define  each  class. 

During  the  development  of  this  study,  a  variety  of  procedures 
were  considered  for  meeting  the  above  requirements,  the 
following  were  selected: 

1.  The  classes  are  the  signal  types  selected. 

2.  The  features  are  the  second,  third,  and  fourth  moment  of 
the  normalized  Q  curve,  together  with  the  value  K  (see  the 
algorithms  of  section  5)  which  is  the  value  of  z  where  Q 
first  satisfies  the  relation  Q<  0.001.  These  provide 
measurable  differences  in  signal  types. 
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3.  The  individuals  of  a  class  are  each  of  the  above  moments 
and  K,  computed  for  selected  power  levels. 

4.  The  linear  discrimination  method  was  used  because  of  its 
classifying  success  in  preliminary  study  and  because  of 
its  simplicity. 

9.3.1  Linear  Discriminate  Methods 


To  describe  this  discrimination  procedure,  assume  first  that 
there  are  two  well  defined  classes  1  and  2,  and  that  each  class 
contains  a  number  of  individuals  with  two  features  which  can  be 
measured.  Note  that  a  vital  assumption  is  that  a  data  base  can 
be  constructed  from  the  measured  features  of  the  individuals, 
each  of  which  is  known  to  be  in  a  particular  class. 

Let  the  two  measurable  features  of  each  individual  be  called  X. 
and  X2  in  each  class,  1  and  2.  The  arrangement  of  the  data  may 
be  visualized  as  shown  in  Figure  9-1. 
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FIGURE  9-1.  SAMPLE  LINEAR  DISCrTMINATE  TARLE 

In  the  above  figure,  numerical  values  may  be  assigned  to  each  to 
indicate  individuals.  For  example,  the  fourth  individual  in 
class  1  has  the  numerical  value  a  for  the  measurement  of  its 
feature  X;  the  seventh  individual  in  class  2  has  the  numerical 
value  b  for  the  measurement  of  its  feature  X2*  The  average  of 
the  numerical  values  for  a  given  feature  in  a  given  £lass  is 
shown  at  the  right  end  of  the  figure.  For  example,  X2i  is  the 
average  for  the  second  feature  of  all  individuals  in  class  1. 

In  general,  let  the  numerical  values  of  Figure  9-1  be  denoted  by 
the  following  notation. 

Xpij  =  the  value  of  the  pth  fee  :ure  for  the  jth  individual  in 
the  ith  class.  In  this  notation,  the  value  a  of  the 
figure  is  a=xii4,  and  the  value  b  of  the  figure  is 


Xpi  =  The  value  of  the  average  of  the  pth  feature  in  the  ith 
class.  Specific  values  of  Xpi  are  shown  on  the 
figure . 

Suppose  first  that  each  value  Xpij  in  class  1  is  greater  than 
the  corresponding  value  of  Xpij  in  class  2.  Then  the  discrim¬ 
ination  problem  is  easy.  If  a  new  unclassified  individual  is 
considered  and  both  of  its  X  and  Y 2  values  are  less  than  any  of 
the  X  and  X?  values  of  class  1,  then  the  individual  is 
considered  to  be  closer  to  class  2. 

In  general,  however,  the  classification  is  not  obvious  because 
the  individuals  in  the  date  base  have  Xpij  values,  which  vary 
throughout  the  figure.  In  this  event,  it  may  be  possible  to 
transform  the  data  base  numbers  to  those  in  which  the  separation 
is  obvious.  The  linear  discriminant  method  assumes  that  a  new 
parameter  z  can  be  computed  from  a  linear  combination  of  the 
features  X,  and  X2  such  that  classes  1  and  2  are  separated  in 
numerical  value.  Whether  or  not  this  separation  is  possible  can 
only  be  answered  by  trial.  That  is,  the  z  values  are  computed 
from  the  linear  relation 

z  =  XiXi  :*  A  2X2 

for  each  individual  in  the  data  base,  where 

z  «  the  new  parameter 

X\  =  the  numerical  value  of  X^ig 

X2  =  the  numerical  value  of  X2ig 

X 1 , X ^  -  selected  numerical  values 

Then,  if  the  value  of  z  for  each  individual  in  class  1  is 
greater  than  the  value  of  z  for  each  individual  in  class  2,  the 
separation  is  complete.  To  identify  an  unclassified  individual, 
use  its  X,  anu  X2  values  used  ir,  the  data  base.  The  individual 
is  then  considered  in  the  class  having  the  z  value  closest  to 
the  z  value  of  the  new  individual.  However,  if  the  z  values  in 
the  data  base  are  not  separated,  than  the  assumed  form  for  the 
linear  discrimination  will  not  serve  for  classification.  The 
linear  assumption  may  fail  for  several  reasons: 

1.  The  features  have  not  been  wisely  selected. 

2.  The  number  of  features  is  too  few. 

3.  The  fundamental  problem  being  studied  is  strongly 
nonlinear,  and  cannot  be  separated  by  linear  combinations. 


88 


In  the  above  Equation  9-1,  the  coefficients  and  X2  were 
considered  known  constants,  selected  according  to  some  criteria. 
The  linear  discriminate  procedure  provides  an  algorithm  for 
choosing  these  coefficients  so  that  the  separation,  by  the 
parameter  z,  between  the  two  classes  is  as  great  as  possible. 

9.3.2  Linear  Discriminate  Algorithm 

Again,  consider  the  example  problem  in  which  the  individuals  of 
class  1  and  class  2  have  specific  values  of  X^  and  X2.  These, 
and  their  corresponding  z  values  are  shown  in  Figure  9-2.  From 
a  geometric  view,  it  is  desired  to  rotate  the  plane  so  that  the 
resulting  z  values  are  as  great  as  possible  between  classes  and 
as  small  as  possible  within  classes. 

Linear  discrimination  selects  the  expression 

(zi-z2)2  (9-2) 

as  a  measure  of  separation  between  the  classes,  where  Zi  is  the 
average  value  of  z  in  the  ith  class,  and  L  =  1  or  2.  The 
selected  measure  of  separation  within  classes  is  chosen  as: 


z  ni  _ 

2  2  ( zi  j  "  Zi)2  (9-3) 

L=1  j=l 

where  ni  is  the  number  of  individuals  in  the  ith  class,  -Zi  has 
been  defined  above,  and  zij  is  z  value  fo*  the  jth  individual  in 
the  ith  class.  Note  that  the  squares  are  chosen  to  eliminate 
cancellation  by  signs,  and  that  the  summation  extends  over  both 
classes  in  Equation  9-3. 


To  accomplish  the  above  definition  of  the  separation  criteria, 
the  function  G,  defined  by 


„  <Z1  ~  22>2 

G  a  2  ni 

2  Z  (ziD  "  Zi)2 

L=1  3=1 

is  to  be  made  a  maximum. 


(9-4) 
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FIGURE  9-2.  ABSTRACT  Z  VAT/JF  MODEl. 


Reference  to  discussion  of  Paragraph  9.3.1  shows  that  each  Xpij 
is  known,  and  that  each  z  is  expressed  in  terms  of  Equation  9-1. 
Hence,  in  the  G  function  of  Equation  9-4  the  only  unknowns  are 
the  values  of  Aj  and  A2.  The  necessary  conditions  for  a  maximum 
are: 

3G/3Ai  =  0  ,  3 G/ 3 A 2  r-  0 


which  provide  two  equations  and  two  unknowns  for  the 
determination  of  Aj  and  A2» 

In  the  general  case,  the  number  of  classes  (for  binary  com¬ 
parison)  is  still  two,  and  the  number  of  individuals  may  be  any 
number.  The  number  of  features,  however,  may  be  any  number. 
Since  the  basic  Equation  9-4  is  expressed  in  terms  of  z,  and  the 
general  z  value  may  be  written,  for  k  different  features, 

z  =  A1x1  +  >  2X2  +  • • •  A KxKi 

The  derivation  may  be  carried  out  in  general  terms.  To  do  this, 
the  z  values  of  Equation  9-4  are  expressed  in  terms  of  the  Xp 
features  and  the  z  values.  F 

51"Z2  =  A1<x11~x12)  +  -  +  XK(XK1"XK2> 


Let 

zij"zi  =  A l'xlij-xli)  +  +  A  K ( xKi j“xKi ) 


2  n  i  _ 

spq  =  Z  Z  (xpij~xpi) (xqij-xqi) 
i“l  j=l 

=  xpl-xp2  <  =  xql_xq2 


Then,  after  some  manipulation 
K  K 

(zi~z2)2  =  £  £  APAq  ^p^q 

p=l  q-1 


2  ni 

Z  Z  (zij_zi)2 

i=l  j  =  l 


K 

z 

P=1 


K 

Z 

q=l 


ApAq  spq 


(9-5) 

(9-6) 


(9-7) 
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Substitution  of  these  expressions  in  Equation  9-4  uniquely  gives 
G  in  terms  of  the  known  constants  dp,  dq,  and  Spq.  Differenti¬ 
ations  of  G  with  regard  to  the  A  values  provides  the  equations 
for  the  A  values.  Because  of  the  linear  assumption  of  Equation 
9-1  and  the  quadratic  assumptions  of  the  Equations  9-2  and  9-3, 
the  resulting  equations  for  the  A  values  are  linear.  The 
equations  are: 


Xlspl  +  X2S  +  -  XKsrK  =  dr  (9-8) 

for  the  index  r-1, - ,k,  where  k  is  the  number  of  features 

selected,  and  Equation  9-8  represents  k  equations. 

After  the  Equations  9-8  are  solved  for  the  A  values,  the 
•expression 

z  =  A1X1  +  A2X2  +  -  +  AkXk 

is  evaluated  for  each  individual  in  the  classes,  where  in  this 
notation,  each  value  of  an  X  is  the  corresponding  value,  Xp  = 
Xpij  for  the  jth  individual  in  the  ith  class. 

This  results  in  the  construction  of  a  z^j  table  corresponding  to 
the  original  Xpij  table,  Figure  9-1.  For  example,  is  shown 

by  the  letter  a  in  Figure  9-3.  ' 
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CLASS  1 

Z1 

• 

71 

IT 

• 

• 

• 
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• 

• 

• 

CLASS  2 

Z2 

Jj 

l!_ 

±i 

• 

• 

• 

• 

4 

• 

FIGURE  9-3.  z i j  TABLE 

9.4  SIGNAL  DISCRIMINATION  FOR  PRESENT  APPLICATION 

For  the  present  application,  it  is  desired  to  first  establish  a 
data  base  from  the  measured  BEM  data  given  in  Section  2.  For 
each  selected  signal  type  and  each  selected  power  level  the  Q 
distribution  curve  as  a  function  of  the  normalized  random 
variable  z  (not  the  discriminate  value  z  above)  may  be  computed 
by  using  the  programs  described  in  Section  7.  With  these 
curves,  a  set  of  moments  and  a  k  value  (see  Section  5)  may  be 
computed  for  each  selected  signal  type  and  each  selected  power 
level.  (The  computation  of  the  moment  is  described  in  Paragraph 
9.4.1).  With  these  values,  a  correspondence  with  the  abstract 
model  described  in  Subsection  9.3  may  be  established. 
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Each  signal  type  may  be  considered  a  separate  class,  and  each 
moment  is  a  different  feature  of  that  class.  Different  power 
levels  represent  different  individuals  of  the  class.  The  data 
base,  according  to  the  above  definitions  may  be  represented  as 
in  Figure  9-4. 
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FIGURE  9-4.  MOMENT  CLASSIFICATION  TABLE 


The  corresponding  z  discrimination  values  are  computed  from  the 
values  of  Figure  9-4  and  the  values  computed  from  the  Equation 
9-7  as  shown  in  Figure  9-5.  For  actual  numerical  values,  see 
Figures  (11-2)  in  Section  11.  02(0.50 
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CLASS  1 

Z| 

— 

— 

— 

— 

CLASS  2 

h 

— 

— 

- 

_ 

FIGURE  9-5.  Z  DISCRIMINATION  TABLE 
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In  Figure  9-4  the  normalization  procedure  insures  that  the 
values  of  the  moments  for  different  power  levels  are  nearly  the 
same .  The  d.i  f f erences  are  caused  by  random  noise  on  the  overall 
BEM  system  and  by  inaccuracies  in  the  basic  mathematical  model 
of  the  BEM  measurements  given  by  Equation  5-1,  as  discussed  in 
Reference  1.  Both  of  these  errors,  however,  have  a  random 
character,  and  resulting  differences  in  a  given  moment  feature 
for  different  power  levels  may  be  considered  random. 

After  the  z  values  in  Figure  9-5  have  been  computed  for  each 
signal  pair,  the  z  value  for  an  unidentified  signal  may  be 
compared  with  each  signal  pair.  The  z  value  from  the  data  base 
which  most  nearly  equals  that  of  the  unidentified  signal 
determines  the  best  estimate  of  the  signal  type.  Detailed 
discussion  of  the  algorithms  implemented  and  the  results 
obtained  by  using  the  actual  BEM  data  are  given  in  Sections  10 
and  11. 

9.4.1  Features  Used  For  Discrimination 

As  stated  in  Subsection  9.3,  the  features  chosen  for 
discrimination  are  the  K  value  (see  Section  5)  and  the  moments 
of  the  Q  distribution  curve.  All  four  of  these  values  are 
related  to  the  normalized  curves  and  thus  vary  little  with  power 
level.  Also,  these  were  chosen  as  discriminates  because  small 
variations  in  the  Q  curves  are  magnified  by  higher  moments. 

The  derivation  of  the  moment  features  is  given  by  the  following 
equations  for  a  polynomial  of  degree  four.  All  notation  has 
been  defined  in  Section  5.  The  first  moment, 

M  =  j  z  Q(  z )dz 

is  not  used  as  a  discriminate  for,  as  shown  in  Section  5,  its 
value  is  invariant  with  the  coefficients.  The  K  value  is  given 
by  the  equations  of  Section  5. 


Q(z)  =  0.5  +  az  +  bz2  +  cz3  +  dz4 


„ »  K 

/  z  Q(z)dz  =  f  0 . 5z  +  az2  +  bz3  +  cz4  +  dz5  dz 
o  'q 


M  =  °'5  K2  +  |  k3  +  J  K4  ♦  l  K«  +  £  k6 
M  =  K2 ( 0 . 25  +  a/3  K  +  b/4  K2  +  c/5  K3  +  d/6  K4) 


M(2)  (z-M)2  Q(z)dz  f  (  z2-2Mz+M2)  (  0 . 5+az+bz2+cz3+dz 

o  Jo 


K 

-  f  ( 0 . 5z2+az3+bz4+cz^+dz^ )dz 
'o 

K 

-2M  f  ( 0 . 5z+az2+bz3+cz4z+dz3 )dz 
o 

K 

+M 2  /  ( 0. 5+az+bz2+cz3+dz4)dz 

o 


M(2)  =  °j5  k3  +  |  K<  +  |  k5  +  |  K6  +  £  K7 

-2H  K2  +  f  k3  +  |  k4  +  §.  k5  +  |  K«) 

♦  M2  /0.5  K  +  4?  K2  +  §  K2  +  t  K4  +  I  KS) 


f  (z-M) 3  Q(z)az 
J o 

K 

f  (z2-2Mz+M2) ( z-M)  Q(z)dz 
Jo 

K 

f  (z3-2Mz2+M2z-Mz2+2M2z-M3)  Q(z)dz 
K 

f  (z3-3Mz2+3M2z-M3) ( 0 . 5+az+bz2+cz3+dz^)d 
Jo 


K 

/  (0.5z3+az^+bz3+cz^+dz7)dz 

•'o 

K 

-3M  I  ( 0.5z2+az3+bz4+cz5+dz6)dz 

■  o 

K 

+3M 2  /  ( 0.5z+az2+bz3+cz^+dz3)dz 

■  o 

K 

-M3  /  ( 0.5+az+bz2+cz3+dz^)dz 

'o 


0.5  K4+|K5+|K6+f  K7  +  |K8 

-3M  K3  +  f  K4  +  |  K5  +  |  K6  +  f  K?) 
f-3M2  (0 . 25  K2  +  j  K3  +  K4  +  |  K5  +  |  k6) 
-M3  (0.5  K  +  f  K2  K3  +7  K4  +  rK5) 


K 


(z-M)4  Q(z)dz  =  f  ( z3-3Mz2+32z-M3) { z-M)Q( z)dz 

(z4-3Mz3+3M3z2-M3z-Mz3+3M2z2-3M3z+M4)Q(z)dz 


(z4-4Mz3+6M2z2-4M3z+M4) ( 0.5+az+bz2+cz3+dz4)dz 

K 


M ( 4 )  *  /  (0.5z4+az5+bz6+dz7)-4M  f  (0.5z3+az4+bz8+cz6+dz7)d 


+6M2  /  ( 0.5z2+az3+bz4+cz5+dz^)dz 


( 0 .5z+az2+bz3+cz4+dz8)dz 


K 


+M4  /  ( 0.5+az+bz2+cz8+dz4)dz 

•'o 


M(  4 )  =  0.1  K5  +  |  K6  +  y  K7  +  f  K8  +  |  K9 

-4M  (0.125  K4  +  |  K5  +  |  K6  +  ^  K7  +  |  K8) 
+  6M2  (°*5  K3  +  |  K4  +  |  K5  +  |  K6  +  “  K7) 
-4M3  (0.25  K2  +  |  K3  +  ^  K4  +  |  K5  +  |  K6) 
+M4  (o .  5  K  +  ~  K2  +  |  K3  +  ^  K4  +  f  K5) 


z 
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Section  10 


COMPUTER  PROGRAM  FOR  DISCRIMINATION 
OF  SIGNAL  TYPES 


10.1  INTRODUCTION 

As  discussed  in  Section  9,  implementation  of  the  selected 
discrimination  technique  requires  two  distinct  stages.  These 
are  summarized  here  by  giving  the  program  flow  in  the  required 
sequential  order:  Stage  1,  Computation  of  the  data  base,  and 
Stage  2,  Current  Time  Discriminations. 

10.1.1  Stage  1:  Computation  of  the  Data  Base 

1.  Select  the  signal  types  to  be  used  for  reference. 

2.  Perform  BEM  experimental  runs  and  record  the  measured 
dispersions  for  each  of  the'  selected  signal  types  at  each 
count  down  ratio.  Repeat  the  measurements  for  each  of  a 
selection  of  power  levels.  The  process  is  discussed  in 
Section  2. 

3.  Using  the  measured  data,  implement  the  computer  programs 
discussed  in  Section  7  to  compute,  for  each  signal  type  and 
each  power  level,  the  A  distribution  function  as  a  function 
of  the  normalized  variable  z.  Additional  discussion  and 
documentation  of  the  required  programs  is  given  in  Appendix 
A. 

4.  Select  the  features  of  the  Q  distribution  to  be  used  as 
discriminates.  The  ones  used  are  K  (see  Section  5),  and  the 
second,  third,  and  fourth  moments  of  the  Q  distribution.  The 
moments  are  defined  and  analytically  expressed  in  terms  of 
the  known  polynomial  chosen  to  represent  the  Q  distribution. 

5.  The  moments  are  evaluated  numerically  for  each  selected  Q 
distribution.  The  program  which  accomplishes  this  is  a 
direct  evaluation  of  the  moment  formulas  given  in  Section  9. 
The  program  is  given  in  Appendix  A  under  the  file  name  of 
SGHMON.  It  is  written  in  Honeywell  Level  6  FORTRAN  and 
linked  to  all  prior  programs.  With  this  linkage,  Items  3,  4, 
and  5  may  be  directly  computed  with  the  inputs  of  Item  2. 

The  outputs  of  this  sequence  of  programs  are  the  Q 
distribution  as  a  function  of  the  normalized  random  variable 
z,  and  each  of  the  selected  discriminates,  K,  M(2),  M(3),  and 
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M(4).  This  results  in  the  table  shown  in  Figure  10-1,  with 
one  such  table  for  each  selected  signal  types.  In  the  table, 
note  that  K/10  is  used  instead  of  K  to  keep  all  discriminates 
in  the  same  order  of  magnitude. 
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SIGNAL  TYPE 


FIGURE  10-1.  MOMENT  DISCRIMINATION  TABLE 


6.  With  the  numerical  values  of  the  discriminates  available,  one 
for  each  signal  type,  two  signal  types  may  *be  considered 
together  to  generate  a  z  discriminate  table  using  the 
algorithms  developed  in  Section  9.  One  such  z  discriminate 
table  is  then  generated  for  each  combination  of  signal  pairs. 
The  computer  program  to  accomplish  this  is  under  the  file 
name  LFMAIN,  supported  by  the  subroutines  LFDFLL,  SGHLV,  and 
SGHZ.  The  object  program  for  these  subroutines  are, 
respectively,  FILLA,  SOLVE,  and  ZFORM.  The  single  run 
program  to  link  together  all  these  programs  has  the  file  name 
Z5RUN.  These  programs  are  listed  (except  the  object  programs 
which  are  in  assembler  language)  and  documented  in  Appendix 
A.  Here  is  a  brief  description  of  their  usage 

Since  discrimination  depends  on  the  comparison  of  two  signal 
types  at  a  time,  it  is  convenient  to  assign  numbers  to  each 
reference  signal  type  selected.  For  the  present  application, 
as  discussed  in  Section  1,  the  signals  selected  for 
discrimination  t^aether  with  their  numerical  designations 
are: 

1  Gaussian  noise 

2  Sine  Wave,  3.1864  MHz  carrier 

3  FM  MOD  100  Hz  Tone,  3.1864  MHz  carrier 

4  FM  MOD  5  kHz  Tone,  3.1864  MHz  carrier 

5  AM  MOD  50  percent  1  kHz  Tone,  3.1864  MHz,  carrier 
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6  AM  MOD  100  percent  100  3z  Tone,  3.1864  MHz  carrier 

7  FM  MOD  1  kHz  Tone,  3*1864  MHz  carrier 

8  AM  MOD  100  percent  1  kHz  Tone  3.1864  carrier 

A  z  discriminate  table  is  computed  for  each  combination  of 
signal  parts.  The  combinations  are  C ( 8 , Z )  =  28  pairs. 
Explicitly,  the  pairs  are: 

(1.2)  (1,3)  (1,4)  (1,5)  (1,6)  (1,7)  (1,8) 

(2.3)  (2,4)  (2,5)  (2,6)  (2,7)  (2,8) 

(3.4)  (3,5)  (3,6)  (3,7)  (3,8) 

(4.5)  (4,6)  (4,7)  (4,8) 

(5.6)  (5,7)  (5,8) 

(6.7)  (6,8) 

(7.8) 

Each  z  table  is  computed  from  pairs  of  arrays  of  the  funda¬ 
mental  discriminate  values  as  shown  in  Figure  10-1.  The 
sequence  of  programs  being  considered  has  all  the 
discriminate  values  stored,  and  upon  designation  of  the 
selected  pair  the  two  M  tables  are  filled.  The  run  version 
of  the  sequence,  ( Z5RUN)  operates  in  the  following  way: 

Upon  execution,  a  prompt  asking  for  card  number  15  is 
asked  twice.  The  response  is  above  number  designation  in 
integer  from  (1  to  8).  The  proper  M  tables  are  auto¬ 
matically  loaded  and  printed  out  for  verification  with  the 
code  (P,I,J)  also  printed  to  designate  the  individual  M 
value.  Here,  as  in  Section  9,  P  =  moment  (1  to  4);  I  = 
class  (1  or  2),  meaning  the  first  or  second  card  of  the 
input  M  tables,  and  J  =  designation  of  individual.  Next 
the  means  and  5  (P,Q)  calculated  values,  using  the 
algorithms  of  Section  9  are  printed  out.  This  sets  up 
simultaneous  equations  which  are  solved  by  5GHSLV,  and  the  A' 
values  are  printed  out. 

These  values  of  A  are  used  with  the  algorithm  in  Section  9  to 
compute  and  print  of  the  z  table  and  the  average  z  value  for 
each  class  being  compared.  These  two  classes  are  the  initial 
inputs  to  ( Z5RUN) ,  called  RACE  A  and  RACE  B  on  the  output.  A 


sample  run  is  included  here  in  the  text.  Repeated  running  of 
this  program  with  each  pair  of  the  28  signal  combinations 
generates  the  required  reference  z  tables.  This  concludes 
the  generation  of  the  reference  data  base.  Note  that  all 
this  is  done  off-line,  and  recomputation  of  the  reference 
data  base  is  not  required  for  the  identification  of  an 
unknown  signal. 

7.  The  next  program  is  not  a  final  result,  but  is  used  for 
testing  and  development.  It  is  written  in  FORTRAN  and  is 
designed  to  identify  an  unknown  signal.  It  is  not  a  part  of 
the  data  base,  but  is  discussed  in  this  section  because  it  is 
not  part  of  the  complete  discrimination  program,  to  be 
discussed  in  the  next  subsection. 

This  test  program  is  designated  „<JHDD  and  is  not  supported  by 
any  subroutines.  It  has  stored  (in  DATA  statements)  a 
complete  table  of  the  A  values  and  a  complete  table  of  the  z 
values  for  all  28  combinations  of  reference  signals.  They 
were  computed  off-line  by  the  Z5RUN)  program  just  discussed. 
The  test  discrimination  program  has  a  run  version  called 
(PCENT).  It  operates  in  the  following  way: 

Upon  execution,  the  moments  of  a  test  signal  are  input  to 
the  program,  these  moments  having  been  computed  off  line. 
With  these  moments,  the  test  z  value  is  commuted  for  each 
pair  of  data  base  combinations,  using  the  proper  set  of  A 
values  for  each  pair  (recall  that  each  signal  pair  in  the 
data  base  has  a  set  of  z  values  and  a  set  of  A  values 
which  are  unique  to  that  pair).  This  gives  a  complete  set 
of  28  z  test  values.  In  each  data  base  pair  there  are  two 
signals.  The  corresponding  z  test  value  is  compared  with 
each  of  these  56  z  data  base  values,  and  the  smallest 
absolute  difference,  ABS  (Zj-est  -  zbase)  determines  the  z 
data  base  signal  closest  to  the  test  value.  The  result, 
called  XMIN  is  printed  out  together  with  the  numerical 
designation  of  the  signal  nearest  the  z  test  value.  Next 
a  confidence  number  is  input  upon  being  prompted.  The 
confidence  number,  which  must  be  input  in  decimal  form, 
has  the  form  IXX,  where  XX,  is  a  percent.  The  program 
then  again  searches  and  selects  all  those  base  signals 
whose  z  values  are  within  XX  percent  of  the  signal  which 
was  designated  or  being  the  best  match  to  the  test  signal. 
All  signals  which  qualify,  including  the  closest  signal 
are  output  by  number  and  name.  The  number  here  referred 
to  is  the  sequential  number  assigned  in  each  number  pair. 
For  example,  in  the  pair  designation  (1,2)  (1,3)  (1,4) 
-  (1,7),  the  first  signal  in  each  is  gaussian  noise. 
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The  sequential  number  designation  is  1,2, 3, 4,5, 6 - .  That 

is,  comparing  the  two  strings,  the  number  3  in  the  pair 
(1,3)  has  the  designation  4,  by  direct  left  to  right 
counting. 

In  the  program  a  prompt  is  also  asked,  "select  column  for 
specific  z".  This  refers  to  the  level  from  which  the  z 
values  were  taken.  Recall  that  the  z  table  has  four 
values  plus  an  average  z  for  each  signal.  Each  of  the 
four  values  corresponds  to  a  power  level  in  the  original, 
experimentally  determined  table  of  measured  dispersions. 
The  M  tables  are  constructed  with  4  moments  and  4  power 
levels.  The  designators  1,2, 3, 4  refer  to  the  column 
number  of  each  z.  1  being  the  highest  power  level,  4  the 
lowest.  The  designator  5  refers  to  the  average  z.  In 
this  test  program,  5GHDD,  only  the  average  z  values  were 
stored.  Hence,  the  proper  response  to  the  prompt  is  the 
integer  number  5.  In  the  final  version,  to  be  discussed 
in  the  next  subsection,  all  numbers,  1  to  5  may  be  used. 
The  program  SGHDD  listing  and  a  sample  runn  are  included 
here. 

10.1.2  Stage  2:  Current  Time  Discrimination 

1.  This  sequence  of  programs  makes  use  of  the  data  base  which 
has  been  computed  off-line.  The  programs  are  written  in 
Honeywell  Level  6  FORTRAN  and  are  conversions  of  the  already 
described  programs  used  to  generate  the  data  base.  The  only 
exception  is  the  last  program  ( 5GHDD)  discussed  in  Paragraph 
10.1.1.  In  the  Level  6  sequence,  the  discrimination  program 
( 5GHDD)  has  been  modified  so  that  the  input  of  moment  data  is 
not  required.  Instead,  all  data  base  material  including 
complete  z  tables  and  X  values  are  stored  in  the  sequence  of 
programs. 

The  Level  6  sequence  accepts  as  input  countdown  ratios  and 
measured  dispersions  from  BEM  measurements  on  an  unknown 
signal.  The  output  is  the  best  estimate  of  the  signal  type 
(chosen  from  the  moved  data  base  signal  types),  and  a  listing 
of  all  other  data  base  signal  types  which  are  within  a 
prescribed  (as  an  input)  percentage  of  the  best  estimate 
signal . 

The  sequence  of  these  programs  are  contained  in  Appendix  A. 
They  are  documented  and  follow  the  same  program  flow  as  the 
data  base  programs  described  in  Paragraph  10.1.1,  except  as 
noted  above. 
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10.2  COMMENTS  ON  DISCRIMINATION  PROGRAMS  AND  BIT  ERROR 
RATE  (BER) 

It  is  again  emphasized  that  the  generation  of  the  data  base 
depends  on  off-line  computation  which  is  completed  prior  to 
using  the  current  time  programs.  The  data  base  described  here, 
consisting  of  the  eight  reference  signal  types  listed  in 
Paragraph  10.1.1,  Item  6,  is  used  as  a  proof-of-pr incipal  set, 
and  may  be  expanded  to  different  signals  and  different  numbers 
of  signals  by  minor  modification  to  the  programs.  The 
modifications  require  only  the  proper  dimensioning  of  arrays  to 
account  for  the  number  of  signals  in  the  data  base.  Of  course, 
the  data  base  would  be  recomputed  as  an  off-line  effort. 

In  application  of  the  current  time  discrimination,  it  is 
required,  upon  prompting,  to  supply  an  input  column  number  to 
select  the  power  level  of  reference  signals  as  discussed  in 
Paragraph  10.1.1.  Loosely,  the  power  level  of  the  BEM 
measurements  performed  for  the  construction  of  the  data  base  can 
be  correlated  wifv'  the  bit  error  rate  (BER)  of  the  reference 
signal.  For  current  time  applications,  the  BER  of  the  unknown 
signal  may,  or  may  not  be  known.  It  it  is  not,  the  average 
value  of  the  reference  z  is  used,  and  the  column  designator 
selected  for  response  to  the  prompt,  "Select  Column  for  Specific 
z",  is  the  integer  5,  as  discussed  in  Paragraph  10.1.1.  If  the 
BER  is  approximately  known,  then  the  column  of  z  values  may  be 
selected  by  an  integer  number  (1  to  4)  to  designate  a  range  of 
BER.  Number  1  indicates  the  highest  BER,  number  4  the  lowest. 
Following  is  a  selection  criteria  which  may  be  used  as  a  rough 
guide: 

Order  of  BER  Column  Selection 


Unknown  5 

10'2  1 

10“2,  10-3  2 

10“3  3 

<10~3  4 


In  this  way,  the  effect  of  BER  may  be  investigated.  The  effec¬ 
tiveness  of  this  procedure  can  only  be  determined  by  observing 
results  obtained  with  differenc  and  expanded  data  bases.  The 
entire  subject  of  how  best  to  incorporate  BER  data,  if  at  all, 
is  an  important  consideration  which  should  be  pursued  in  future 
study. 
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Section  11 


RESULTS  OF  DISCRIMINATION  PROGRAMS 


11.1  DISCUSSION 

The  programs  were  used  to  generate  a  data  base  from  the  measured 
BEM  data,  and  to  perform  a  number  of  trial  runs  using  the  current 
time  discrimination  programs.  The  results  of  both  of  these 
efforts  are  included  here.  In  particular,  the  following  tables 
give  the  form  of  the  data  which  were  used  to  generate  the  present 
data  base  and  the  corresponding  values.  The  data  of  Section  2 
and  the  corresponding  moments  of  Section  9  were  used  in  Fig¬ 
ure  11.1.  Results  are  shown  in  Figure  11.2. 
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FIGURE  11-1.  COMPUTED  DISCRIMINATE  TABULATION 
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The  following  data  base  z  table  was  computed  using  the  25 RUN 
program  described  in  Section  10  using  the  moments  as  indicated 
by  number  pairs,  each  pair  representing  a  combination  of  signal 
types.  The  numbers  in  the  pair  are  those  of  the  eight  signal 
types  described  in  Section  10  and  repeated  here  for  convenience 

1  Gaussian  noise 

2  Sine  Wave,  3.1864  MHz  carrier 

3  FM  MOD  100  Hz  tone,  3.1864  MHz  carrier 

4  FM  MOD  5  kHz  tone,  3.1864  MHz  carrier 

5  AM  MOD  50  percent  1  kHz  Tone,  3.1864  MHz  carrier 

G  AM  MOD  100  percent  100  Hz  Tone,  3.1864  MHz  carrier 

7  FM  MOD  1  kHz  Tone,  3.1864  MHz  carrier 

8  AM  MOD  100  percent  1  kHz  Tone  3.1864  MHz  carrier 

Figure  11-2  lists  the  four  data  base  z  values  and  the  average  z 
for  each  signal  type  in  combination,  as  described  in  Section  10 

The  meaning  of  the  symbols  is  given  on  run  one  (1)  of  Figure 
11.2,  along  with  references  to  prior  sections. 
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LINEAR  DISCRIMINATE  FUNCTIONS 
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First  column  is  power  level, 
second  column  is  signal  type 
(see  list  on  page  106) ,  third 
column  is  discriminate  designator 
(K/10,  M2,  M3,  M4;  see  Sections 
9  and  10) ,  fourth  column  is 
value  of  the  discriminator. 


See  Sections  9  and  10  for 
definition  of  symbols:  I,  J, 
MEAN  (I,  J) ,  S (P,  Q)  Dl,  D2, 
D3 ,  D4 ,  Lambda  values. 


C  =  4,  N  =  4  designate  that  a 
fourth  degree  equation  was 
solved  correctly.  The  values 
under  Race  A  and  Race  B  are 
the  final  z  values  used  for 
discrimination  between  Race  A 
and  Race  B.  The  word  "Race" 
is  used  to  indicate  signal 
type.  Average  is  average  z 
value. 
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FIGURE  11-2.  COMBINATIONAL  Z5 
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*  0. 155135E 

00 

4 

J  • 

£ 

MEAN 

•  0. 135?50€ 

00 

<R.0> 

l 

0 

l 

0.3590985-05 

1 

0 

5 

-0.4215 TIE -03 

1 

0 

3 

-0, 8&3116E-03 

1 

0 

4 

-0.1&083toE-03 

£ 

u 

1 

-o.  451571C-03 

£ 

u 

5 

0.514440E-05 

5 

0 

3 

U.C.434&1E-05 

£ 

0 

4 

0. 170017C-01 

3 

0 

1 

-U.383118E-03 

3 

0 

5 

0.O43481C-05 

3 

u 

3 

0.  19t>183£-01 

3 

U 

4 

0. 15&505E-01 

4 

0 

1 

-0. 18083b£-03 

4 

0 

» 

o.  170017E-01 

4 

0 

3 

0.15e505C*0l 

4 

0 

4 

0.143581E  00 

DI  “  0.  l©4U75i  OU  b£  *  0.745955E-01 

D3  «  0.507055E  00  D4  •  0. 154700E  00 


I  LNAEDm  VHCUCi 

0.  o44Aeco4e>48E  03  1 

-o.  U40i*>ui4«>9£  01  i 

O.  ?5l893lb40eE  04  j 

-v.i0l7W4590£  04  4 


4  n  »  4 


LINEAR  DISCRIMINATE  FUNCTIONS 


RACE  A  "I*  GAUSSIAN  NOISE 
-O.49b?50E  Ji 
-U.  48391 7£  03 
-0.4 93718E  u> 
l*.  >*9*4 l £  03 

mERAoE  *  - O.  49 I  oc 4f  •»_, 


*ri.t  b  «  <  •  *N  MOO  4  Kill  W  .  3  IS64  >412  CARRIER 
-v  lei-tm  •*: 

-0.  188178E  0  3 

-0.18bl64t  >i£ 

c, 

*  '..5&r4b0£  v 3 
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INKIT  FIRST  CARD  NUN KR 
t  I 


1 

I 

1 

0.32)4306  00 

I 

1 

2 

0. 364090E  00 

1 

1 

3 

0. 39281 OE  00 

1 

l 

4 

0.33306QE  00 

2 

1 

1 

0. 186680C  00 

2 

l 

2 

0,)68**)E  00 

2 

l 

3 

0. )9b390C  00 

2 

1 

4 

0*2421106  00 

3 

l 

I 

0.270640E  00 

J 

1 

2 

0, 283190C  00 

3 

J 

3 

0.3I7340E  00 

3 

I 

4 

0.443430E  00 

4 

I 

) 

U.477040E  00 

4 

1 

2 

0, 330740E  00 

4 

I 

3 

0.»39010E  00 

4 

1 

4 

0.963290E  00 

1NKJ 

SECOND 

CARD  NUN ICR 

3 

I 

2 

1 

0.344740E  00 

I 

2 

2 

0.2%9430€  00 

I 

2 

3 

0. 2334 10C  00 

I 

2 

4 

U.143900C  u0 

2 

2 

I 

0.  1706OOE  00 

2 

2 

U.  194940C  00 

2 

2 

3 

U.200320E  00 

2 

2 

4 

0.  II3240C  00 

3 

2 

I 

u. 26)8306  00 

3 

2 

0.273)606  00 

3 

2 

4 

U.289%306  00 

3 

2 

4 

0, 904390C  00 

4 

2 

I 

0.491370C  00 

4 

2 

2 

0. 44392 0C  00 

4 

2 

3 

0.478670C  00 

4 

2 

4 

0,806tt90C  00 

nCAm!«4> 

I  • 

I 

J  • 

1  NCAN  •  0.333332C 

00 

1  • 

2 

4  * 

1  NCAh  •  0.203633C 

00 

I  • 

3 

J  • 

I  NCAN  *  0. 329)33€ 

00 

1  • 

4 

J  • 

l  NCAN  •  0. 6373206 

00 

I  * 

1 

J  • 

2  NCAN  *  0. 24937 0C 

00 

l  • 

2 

J  * 

2  NCAN  *  O. 17)0306 

00 

I  • 

3 

J  * 

2  NCAN  *  0.4328)26 

U0 

l  • 

4 

4  « 

2  NCAN  *  0.3337)26 

00 

SiR»Q> 

R  • 

l 

Q  • 

)  0.2324806-0) 

R  • 

1 

0  • 

2  0.63094)6-02 

R  • 

I 

0  • 

3  -0. 673378C-0) 

R  • 

I 

0  » 

4  -0. 3407)46-0) 

R  • 

2 

0  * 

)  0.  t>309c)k-02 

R  • 

2 

0  • 

2  0.6834096-02 

R  • 

2 

0  • 

4  -0.3034336-  0) 

R  • 

2 

0  • 

4  -  0. 342440C-02 

R  • 

3 

0  • 

)  -0.6733786-0) 

R  • 

3 

0  * 

2  -0.3034336-0) 

R  * 

3 

0  * 

3  0.3U333C  00 

R  * 

4 

0  • 

4  0.2) ) 0276  00 

R  * 

4 

0  * 

)  -0.3407)46-0) 

R  « 

4 

0  • 

2  -0.3424406-02 

R  • 

4 

0  • 

3  O.2U027C  00 

R  • 

4 

0  • 

4  0.2268)66  00 

01  • 

0.  IQ3983E  00  02  •  O.3I8030C 

03 

• 

-0 

) 036376  00  04  •  0 

)oieo 

l  LHftlDri  vrttlCS 

o.tw??4?49?a  02  t 

U.)97,000«>7|39€  03  £ 

0.42»)2)97876£  02  3 

-0.44499*78)496  t2  4 


C  •  4  N  •  4 


LINEAR  DISCRIMINATE  FUNCT JOnt 


RACE  A  •!•  GAUSSIAN  NOISE 
0.3438)66  02 
U.3632Q7E  02 
0.3623  06E  02 
0.55853 IE  02 

AvERAM.  •  0.9S754CE  02 


RACE  9  •  S  •  AN  MO  SO*.  ICH3  TONE. 
0. 33339K  02 
Q.S302  )  4€  02 

•.33*3312  dt 

I.51I4MI  «2 

MM  •  (A50RKI  02 


5.1864  MU  CAJUUEK 
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E 


|KK>1  FIRST  CARD  NUM»ER 
t  t 

I  1  I  O.321450E  00 

l  l  *  0.3©40*0E  00 

l  I  3  0. 39281 0E  00 

1  I  4  «\335u©0E  00 

2  1  I  0. 16©880C  00 

£  l  2  o. I889©0£  oO 

2  i  3  0. 190590E  OO 

2  \  4  0.2421  IOC  00 

3  l  I  0.2?0©40C  00 

3  1  2  U.2831*0E  00 

i  X  3  o.3I ’340E  00 

3  l  4  O.445450E  00 

4  i  \  o.4rro40€  oo 

4  1  2  0.530740C  00 

4  I  3  0.©590I0E  00 

4  I  4  o.9©3290E  00 

inRul  SECOND  CmRO  no««R 


0.  390490C  Oo 
0.272540E  00 
0.  J4oot>0€  Oo 
O.29230OE  00 
0. 103840C  Oo 
0. 184780C  00 
0.228© IOC  00 

O.234O0CE  00 
*0.2©8«40E  oO 
O. 24954 OC  00 
0, 4003oUC  00 
u.3»o©u0€  uu 
0.498520C  oo 
0, 393430C  00 
0.»7©98u€  00 
0.  74435o€  00 


1 

J 

I 

nCMft 

0. 353352E 

00 

- 

J 

X 

O.203*35£ 

00 

3 

J 

i 

0.  329155E 

00 

4 

J 

X 

0, ©5752 OC 

oO 

I 

J 

* 

0. 325545C 

00 

* 

3 

2 

0. 2078O7C 

60 

i 

j 

2 

«£hh 

0. 329335C 

00 

4 

3 

2 

«EhM 

0.  ©2832  OC 

00 

SiRtO> 

0,  U58>4£-01 
-«.l3©?32£-02 
-0.127©29C-02 
0.429*l?C-o2 
-o.i3©?32£-02 
o.424954fe-o2 
0, 127484E-OJ 

O.333702C-UI 
-0.»2?©2H-02 
0.  l£74*»C-0l 
0. 3922©IC-0| 
0. I05284E  uO 
0.42>©l?C-02 
0.  3  3  3702E-OI 
0.  1 052 04 £  00 
u.28*4*0€  00 


0.270075C-01  D2  - 
-0.  IOUUOoC-OJ  l>4  * 


-0.4I7247C-02 
0. 29200o€*ol 


-0.  l'»53455**r5o£  oi 
-y.  tf?3W>o25©©4£  03 
u.  U15>o57l78£  03 
-v.^/|*.5U©4©3>fc  ©2 


inflkb*  VntuCS 

» 


Llh£rtR  ItlSCRlPlHAIE  FllhCUOft! 


►  *-. L  n  •!*  GAUSSIAN  NOISE 
-w.*0»6«5C  02 
-y.^0>oto5£  02 
-O.C1074U  o2 
-u.2y»55?£  02 
nV£Rh6t  *  -U.cO*?l.:£  OC 


*■►*.£  i  •  6*  AMMX)  IO0\.  IOOHX  TONE.  3  1U4MU  CARRIER 
-0.2»y©55£  o2 
-»;.2l355*£  o2 
-o.co>4o<’£  sh£ 

-0.*l574Q£  02 
*iv£R#tG€  •  -0. 21234VC  vc 
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|h*UT  FIRST  .ARp  MUMIER 
t  I 


i 


0.32I490C  Ou 
0.3O4090C  00 
0.0*291  OE  00 
0.333u©0£  Ou 
U.  !8t>d80E  00 
0. !88*oOE  00 
0.IW$0£  00 
0*  I OE  00 

0.ir0o4vE  00 
0.2d3l%0E  00 
0.  3i.-?4u£  MO 
0.44*4}0E  00 
O.477040E  00 
O.*3o?4 oE  Oo 

o.*s*ojoc  oo 
u.  mo 


l^ui  lECDMP  CHRP  mumper 


I 

I 

I 


4 

i 

4 

4 

4 


4 

4 


o.^OdOC  on 
U.!*i.**0€  MM 
O,  Id'bMME  MM 
U, I7**4U£  MO 
U. I )'$3uE  mm 
0.  I3U30£  MM 
M.  1  <fMv  mmE  MO 
O.UJlbUC  MM 

0.  I3*23u£  uu 
u.l£o£|o£  mm 
0.tt*9Ui>C  MM 
U. IIU?£0E  MO 
0.  l*97UO£  00 
MM 

0*  I»bmmm£  mm 
0.  tl4£«o£  MO 


4* 


1 

J 

1 

H£hfi  • 

o.  4*33W£ 

MM 

i 

J 

1 

h£««  • 

o.5o3o4U 

MU 

4 

4 

1 

h£«h  * 

o.  )£* |*« 

MM 

4 

4 

1 

n£nrt  • 

o.«*7*20£ 

MO 

1 

4 

£ 

h£m#i  » 

o.  |*u**i£ 

UO 

£ 

4 

> 

n£Hh  * 

u. |3v*£*E 

MM 

4 

4 

£ 

n£H#i  * 

m.  I*47»*C 

Ml< 

4 

4 

£ 

h£hh  • 

u. | 3*47?f 

MO 

.  »R*0» 


R  *  I  w  *  I 

R  •  1  0  •  £ 

R  •  I  v  *  3 

R  •  1  0*4 

R  *  2  0*1 

R  •  £  u  *  £ 

R  *  £  u*3 

R  *  £  V  *  4 

R  *  J  w  *  l 

R  •  i  u  *  i 

R  •  3  0  *  s 

R  «  4  0*4 

R  •  4  u  *  1 

R  *  4  U  *  tf 

R  •  4  0  '  4 

P  »  4  0*4 

01  *  0.  Ul/frUE  M 

Pi  * 


M,  J£M4»£E’*M£ 

-U.433*JU€-04 

~U,c>0*3&*€~u3 
•U.433*l0E-u3 
U.£|3*3*£aU£ 
M.©4tf550£*tV 
M.  U**0$£-ul 

-u.o*$3£*f-U3 

U.*4<r*W£-uc 

M.  l*oMI££-OI 

f-UI 

♦u.t0^365£'Oj 
0.  lo*S>Ut>£-Ul 

M.  143241C  OU 

*  Pi:  *  M,  *341  OMt  -Mi 
MO  P4  *  0.*£«O4jC 


Oo 


IHHPPH  VHCUCi 
04  I 

0*  £ 

04  , 

04  4 


L  •  4  h  *  4 


o.t.45‘»3o?8©J  3£ 
-o.  Ic4  4.*£0*u?8£ 
o.  »*44y4i890fc£ 
-O.*0**'«48O4?E 


*.!*£«*  PISCRIHIHhTE  Fu<TI0h1 


**.£  h  *1*  GAUSSIAN  NOISE 
-0.4>83*8E  m3 
-m.48**o?E  M3 
•«.  4’»*43l£  Uj 
-0.4*1©OS£  04 
nv£RHu£  *  -U.4>**'*uE  m4 


RhC£  P  •  7  •  FN  KX>  imj  TWE.  S.ll*4tfU  CAMlEJt 
-O.V*?3M£  03 
-U.S8**Cl7E  04 
-<*.  Wililt  04 
-U.**UUCfc£  04 
MV£Rft6E  «  ~U.*tf*£*4E  m3 
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inpuY  first  card  homier 
I 


1 

I 

0.321430E  00 

I 

2 

0.3640906  00 

1 

3 

0. 39201 OE  00 

l 

4 

0. 33304 OE  00 

2 

I 

0.184880E  00 

2 

2 

0.1889406  00 

2 

3 

0. 194390E  00 

2 

4 

0,2421 1 0£  00 

3 

l 

0. 27044 OE  00 

3 

2 

0.283190E  00 

3 

3 

0,3173#*  00 

3 

4 

0, 44343 OC  00 

4 

1 

0, 477040E  00 

4 

2 

0,3307406  0  0 

4 

3 

0.439010C  00 

4 

4 

0. 96329  0E  00 

INPUT  SECOND 

CARD  NUN ICR 

8 

I 

2 

1 

0. 35333 OE  00 

1 

2 

2 

0, 38300 OE  00 

1 

2 

3 

0.400000E  00 

2 

4 

0.4274406  00 

2 

1 

0.191730C  00 

2 

2 

0,  |04*3OE  00 

i 

2 

3 

0,l800f.0E  00 

2 

2 

4 

0.I77420E  00 

3 

2 

1 

0, 29343 OC  00 

3 

2 

2 

0.278  020C  00 

3 

2 

3 

0.2400006  00 

3 

2 

4 

0.244460E  00 

4 

2 

1 

0.341 32 OC  00 

4 

2 

2 

0.324  4  4  06  0  0 

4 

2 

3 

0.470000E  00 

4 

2 

4 

0.42 048  OC  00 

NCMNUi  J> 

I 

J  • 

1  MEAN  •  0, 333332C 

2 

J  • 

1  NEAN  •  0,2034336 

3 

J  • 

l  NCAN  *  0.3291336 

4 

J  • 

1  NCAN  *  0, 63732 OC 

1 

J  • 

2  NCAN  •  0.3919936 

1  ■ 

2 

J  • 

2  NCAN  -  0.183930C 

1  • 

J 

J  • 

2  NCAN  •  0,2689786 

]  • 

4 

J  • 

2  NCAN  •  0.494 1 1  06 

S<P»0> 

P  • 

l 

0  • 

1  0.372363C-02 

P  • 

1 

0  • 

2  -0. 1171 086-02 

P  • 

I 

0  * 

3  *0.3116106-02 

P  • 

1 

0  • 

4  -  0.4405236-02 

P  • 

2 

0  • 

1  -0. 1 171 096-02 

P  • 

2 

Q  * 

2  0.2132316-02 

P  • 

2 

0  • 

3  0.4423176-02 

P  • 

2 

0  • 

4  0.1782036-01 

P  • 

3 

0  • 

1  -0.3116106-02 

P  • 

3 

0  • 

2  0.6423176-02 

P  • 

3 

0  • 

3  0.2034236-01 

P  • 

3 

0  • 

4  0.5387136-01 

P  • 

4 

0  • 

1  -0.4613236-02 

P  • 

4 

0  • 

2  0.1782036-01 

P  » 

4 

or  • 

3  0.3387136-01 

P  * 

4 

o  • 

4  0.1333946  00 

00 

00 

00 

00 

00 

00 

00 

00 


oi  •  -o. 3&4400C-01  D2  -  o.  moioc-o: 

03  •  0.601774C-01  04  •  0.1634106  00 


~U.  i023:C481926  02 
0. £74 (£342 04 1C  03 
-0.  1903(/9904016  03 
O. 378232363486  02 


LANIDA  VKU€S 
1 

2 

3 

4 


C 


4  N  «  4 


LINEAR  DISCRIMINATE  FUNCTIONS 


RACE  A  •’*  GAUSSIAN  NOISE 
U.  1443*. 4£  02 
0.  14413j€  02 
0.14777^:  02 
0.  2  306246  02 

*  0.1482146  02 


RACE  h  -  I  •  AM  K»  1001,  1KHZ  TONE,  3. 1564*11  CARRIER 
02 

U.  1430^06  0*. 
y.  U2tK.I  Uc 
0.  I3979S*  02 

AVERH66  -  0.  14*.t.38E  02 
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INPUT  MRST  CARD  NUMBER 

t  a 


i  i  t 

l  1  2 

I  I  t 

1  I  4 

£  1  1 

£  1  £ 

£  1  i 

£  J  4 

3  1  t 

i  J  £ 

i  I  3 

s  i  4 

4  }  I 

4  }  £ 

4  1  3 

4  i  4 

info!  .ECOMb 
>  i 


0. 1*7390E  00 
O.ldliOOE  00 
U.ITO90C  00 

o.  ir*4auE  oo 

U.134710C  00 
U.  124330E  00 
U.U2920E  00 
0.1207*0E  00 
0.132120E  00 
0.  I  l£7<»C)E  oo 
M.  ItOC^VE  MM 
0. }0*?4mE  MM 
O.  M913mE  MM 
0.  U7450E  00 

O.ll 331  ME  M0 
M.  )  M.'cjlH't  MM 

Cf*b  NUMBER 


1 

1 

1 

1 


£ 

> 


1 


o.cm£23mE  mm 
m. 1878 uOE  mm 
m. ;0ii70E  mm 

M.|  74  4t>Mfc  0m 

O.  U7930E  uO 
m,  1203<>0E  do 
M.  1c  *Ml mC  »M 
l‘.lt*440E  Mv 
M. I3044ME  MM 

M,  120I3MC  MO 

M.  Il2l*0£  MM 
M.  IU4210C  MM 
U,  loUOeuC  00 
M.  U920m£  MM 
M.  1  U3UUC  MM 
M.lM4£4UC  mm 


n€hn«|.  > 


l 

J 

1 

NEW 

M.  l»37t,U€ 

MM 

£ 

J 

t 

«£*« 

M.  t23»»2£ 

MM 

3 

J 

1 

NtHN 

o.  U3427E 

MM 

J 

1 

nCnn 

M.U1478E 

MM 

J 

NEhN 

0.  Ic»c4£0€ 

00 

£ 

J 

£ 

NEHN 

o.  |£.'44  3E 

6m 

i 

J 

£ 

nEhn 

M.  IJ6730E 

MM 

4 

J 

£ 

n£*Wi 

M.  127312E 

MM 

P 

\ 

Q 

l 

M.t>M4«0u€-M3 

b 

1 

u 

< 

U.4344I2E-M3 

b 

1 

u 

3 

M.d4iaj.’E-M3 

b 

1 

0 

4 

M.  |37£tMC-M> 

b 

£ 

0 

1 

M.4344I2E-0) 

b 

'£ 

u 

2 

0.  30i34t£-M3 

b 

C 

u 

J 

M.33tt362E-«3 

b 

a 

u 

4 

0,*lMe««£>03 

b 

3 

U 

l 

M.841837E-M3 

b 

3 

0 

i 

M.  338362E-M3 

b 

i 

u 

3 

M,  1 033!  0E-M2 

b 

3 

0 

4 

M.  l©tte»l6£-0£ 

b 

4 

0 

l 

M,  1  37£6m£-m2 

b 

4 

0 

> 

m.  »luctc.£-  m3 

b 

4 

u 

i 

m.  loddloE-u£ 

P 

4 

U 

>, 

0.273429E-02 

bl 

i  * 

-o, 

,  £C«  UM4E  ”  Mfc 

b£  •  -m. i; 

Vi 

* 

■M, 

,  33225u£- 

Mtf  b4  *  -0, 

1 

“0.  «,Uv'»4>o04o‘*t  W4 

-M.c46&*323437£  m3 
m. J3c3333l tfciE  M3 
-m.  Im4»933331«E  m3 


twNfebn  VntuES 
1 


klnCnR  bl.CRIitlnnTE  function: 


RmE  «  SIRE  WAVE.  3.1864  Kill  CARRIER 

•M.  14li9tfE  m4 
-M. 141 j9c£  M4 
-M. 14IJ01E  M4 
'M. 141 3»»E  M4 
nvERnoi  •  -m.  141j>m£  u4 


«♦*.£  b  •  J  • 

-u. 141 ^*l£ 
-•>.  141  J.'SE 
■M. 141 3fedE 
•4'.  141  iOOt 
niERNoE  • 


FM  MX)  lOOtttZ  TONE, 


M4 

M4 

M4 

•;4 


>.  141  joIE 


3  1864  CARRIER 


FIGURE  11-2.  COMBINATIONAL  Z5 
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INPUT  FlfrST  NUMfcEP 

1  £ 


J 

1 

o.i*r3*o£ 

Ou 

1 

1 

2 

0,  ISlbOOE 

00 

I 

1 

3 

0.1 7*55 OE 

00 

1 

1 

4 

o.  176420E 

00 

c 

1 

1 

0.  1 3471 0€ 

00 

£ 

1 

0,  l£4330E 

00 

£ 

l 

3 

0. 1££%2°E 

00 

£ 

l 

4 

0. 120790E 

00 

i 

1 

I 

U.13£I£0E 

00 

t 

I 

£ 

0.  1  !^740E 

00 

1 

1 

3 

o.  UO£*OC 

oo 

i 

1 

4 

0.  10*540E 

Oy 

4 

1 

1 

U.149150E 

00 

4 

1 

<2 

0, 1 17450C 

00 

4 

1 

i 

o.  11351  AC 

00 

4 

1 

4 

o.  lu.'ouOE 

00 

INFUl  SECOND 

(m»i>  nomef 

4 

1 

£ 

1 

U.£0|*40C 

00 

l 

y 

£ 

o.  !B7t.euE 

00 

1 

£ 

i 

y.  l&dt>70€ 

MO 

l 

£ 

4 

0. 170B30E 

UO 

£ 

$ 

I 

0. 137670E 

00 

c 

£ 

£ 

0, ll*30!E 

oo 

C 

c 

3 

o.  U'0'*7 OE 

01* 

£ 

£ 

4 

0.  l££4  30E 

00 

> 

£ 

1 

0. 137930E 

00 

3 

£ 

£ 

0. 1 lv99oE 

00 

* 

£ 

3 

u.  ui££oe 

Oo 

3 

£ 

4 

y.  1 0*4)9  vC 

00 

4 

£ 

1 

0. 159£U'E 

uo 

4 

£ 

£ 

u.  l£d^oE 

UO 

4 

£ 

3 

y.  1 3U'<V'E 

ou 

4 

- 

4 

0. 112170E 

uu 

NENN 

*1.3* 

1 

3  * 

» 

MEMN  * 

0. 1837O0E 

00 

£ 

J  • 

i 

NENN  ■ 

U.!25»*£C 

00 

3 

J  • 

i 

fWMN  • 

0.  »I*4£7C 

UO 

4 

3  * 

l 

NfcHN  • 

0.  U1970E 

00 

s 

3  • 

£ 

•1EHN  * 

y.  itr?£do€ 

uO 

£ 

3  » 

£ 

«Ehm  • 

u.l£^343E 

00 

3 

3  • 

£ 

n£nN  * 

u.  1££1 3£E 

00 

4 

3  • 

£ 

nEhn  • 

o.  13£0£0£ 

oO 

:  «p» 

j* 

f'  •  1  U  *  1 

V>  *  1  U  *  £ 

t  *  »  U  *  3 

H  «  1  0  •  4 

^  »  £  U  •  1 

h  *  £  O  •  £ 

r  •  £  u  •  3 

e  •  c  u  •  4 

f*  *  'j  <>  •  1 

f*  •  3  o  »  £ 

*  •  3  u  « 

f1  •  i  U  *  4 

►  •  4  U  ‘  1 

►  •  4  U  •  £ 

f'  •  4  U  *  J 

f  •  4  u  *  4 


0.S34113E-03 
u.  J92*l£€«v) 
u.*V»34E-03 
u. io?»?ie-od 

u.  3W9U’E*uJ 
u.£3319£f-03 
O.4  34170E-03 
O.71»3£0£~m3 
u.»*7134E-03 
u.434l?0E-u3 
U.  bU0«>4lE-03 
M.  I3£«o£-0£ 
u.  lu7t>7lE-0£ 

u. 7i»3£oc-03 
0.  l3£330£-0£ 

v. tft.  £87£-0£ 


M  •  -o. ^^Ou£E  -0£  D£  *  -u.  3e>30£8E-o£ 

lo  •  *O.t>.’0}Uu€“U£  04  *  -0,  lud4£5C-0» 


J  LrtM&O*  VHCUES 

0*  ; 

-V,^t>U4M*6C)£  0%  £ 

W.  |0>1£*jV»37E  uc  > 

•0,tfOV?bU*4«»*E  U^  4 


4  N  *  4 


IU«£h*  1*1  CPIhlhME  FUNCTION' 


RmU  w  •  2  •  SIM  M\t,  J  1464*12  CARRIER 

-••.  4}j.m*£  *x4 
-U.4*3<M**E  M4 
-m.  453.'*  IE  04 
-U.4537*t>E  04 
MvfckHofc  *  -o.45j78.E  o4 


R«U  b  •  4  .  FM  K>D  SKHS  TOM, 
o  45 '*••-£  04 
.45  *l*E  04 
-0.45'C*4fc  o4 
-U.45.MJ4l>fc  04 
H.fcfrMUE  *  -o.4‘'V'4t  •  ’4 


J.IS644JJ  CARRIER 


FIGURE  11-2.  COMBINATIONAL  Z5 
RUN  9 
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IMPUT  FIRST  CftRD  NUMBER 


1 

l 

ft.  I9.'39uE 

uu 

I 

C 

y.  idit>8 u£ 

00 

1 

3 

0.  17«?90E 

00 

1 

4 

y. iro4iy£ 

00 

£ 

1 

■  y. l3471uE 

Ov 

£ 

£ 

V. l£439uE 

vli 

£ 

3 

0. !££9aOE 

00 

£ 

4 

0. 12O790C 

oO 

3 

1 

. isaiaoE 

Ov 

J 

2 

•>.  l  l£7*oE 

Oil 

3 

3 

0. 1 1  uce-uE 

uy 

3 

4 

u,  l  ue-!>4uE 

UO 

4 

t 

0.  M9I3UE 

uy 

4 

a 

0.U7430E 

ov 

4 

3 

u.  11391  vC 

00 

4 

4 

y.  I  y.  <#uvt 

y>« 

inpu 

* 

LCONb 

ChRO  PiiMFER 

9 

l 

2 

I 

u. 34&740E 

oo 

I 

£ 

U.w4*4>E 

oy 

i 

i 

v.  3994  IOC 

Oy 

I 

4 

y.  1499UUE 

Oy 

t 

c; 

l 

y,  178VUUE 

00 

£ 

w 

£ 

II.  i94*euE 

Oy 

£ 

3 

y.wMi*3v«'i 

On 

£ 

£ 

4 

V.  Ii. *4 yfc 

uu 

> 

£ 

I 

y.ibidiOE 

ou 

3 

£ 

£ 

u.j73isuE 

uu 

j 

£ 

i 

v.^S^oSuE 

Ou 

4 

£ 

4 

U,4U49*UC 

uu 

4 

£ 

l 

y  #  4  **  i  jroc 

uu 

4 

£ 

£ 

y.44  3'«tfVE 

Ou 

4 

C 

3 

u.4.*st>70E 

uy 

4 

£ 

•* 

y,  oUdaVVl 

yy 

HEWN 

1*3* 

1  • 

l 

3  • 

l  M£mN  • 

o.  I817t>u£ 

00 

|  • 

c 

0  * 

J  MtMM  - 

v.  U9***C 

yy 

|  * 

J 

3  • 

l  m£hm  • 

0.II9437C 

Oy 

t  • 

4 

J  • 

l  m£hn  • 

o.  lil?7SE 

VO 

1  * 

l 

3  • 

£  h£rtN  • 

y.^493?0C 

yy 

1  * 

i 

3  • 

£  p£mN  - 

u.  I71S3UE 

yy 

I  « 

3 

3  • 

£  mean  • 

y.43aeiac 

uo 

|  • 

4 

3  • 

£  ntfih  • 

0.9997I2C 

ou 

,«P.U‘ 

P  • 

l 

a 

I  y 

3U4U9IC-V1 

►  • 

l 

o 

i  u 

.’u«7euC-uc' 

P  • 

l 

u 

i  -u 

ce-Ol 

y  • 

t 

u 

4  -y 

3*41  ?4£-y| 

p  * 

u 

i  y 

7  0078  0  £-uc 

p  • 

u 

£  y 

4445b«E-0i 

p  « 

0 

3  -U 

3t>  34ot*£  -  Ul 

p  • 

' 

0 

4  •« 

i^risoE-ui 

p  • 

i 

u 

1  -u 

cc-u  i  rtr-ui 

p  * 

s 

u 

i  -U 

3e.34»>uE-ul 

p  * 

i 

0 

3  y 

397944E  y 

p  • 

> 

0 

4  y 

1947 >3£  uo 

p  • 

4 

0 

V  *o 

1*41  3'^E-Ul 

p  • 

4 

»3 

£  -A* 

l97|ueE-ui 

p  • 

4 

u 

-■  y 

19VJ3E  oo 

p  * 

4 

u 

4  0 

®  770  3^ -HI 

bi  - 

-o. 

«.9ulvu£-vl  b 

A  -  *i.4^l 

Ui 

* 

y 

.  3l.*Jot£  ny 

b4  *  -u 

.43 

V.4tj4H^44lE  U  > 
u.  3*.>i}Vuo7t,'H  U3 

u.^tf94sv4ou79£  u3 
u.ulVotf^.VtE  ui 


inflfcbH  VrttUE  - 


4  N  •  4 


LH«£h*  M.CRiniMnie  rUHlIOh 


«NU  n  •  2  •  Sisr  WAVE,  S.l*6«tU  CARRIER 
U.  1U14**c£  V3 
y.  IU44*»£  ui 
o. 1V45S3E  v. 
u.  IU4737E  u  j 
M.tFnut  *  y.  lu  ■*’£  " 


FrKt  t  -•  M  wo  sot,  iuu  to*.  1. 1 mnu  carrier 
-u. i jjubse  w 
-U.t>rOj.'4£  HI 
-0.cVbul4£  -Jw 
■y.irtW’f  "c 
mtPwfct  *  -“.  1jc99v£  Me 


FIGURE  11-2.  COMBINATIONAL  Z5 
RUN  10 


INPUT  FIRST  CftRD  NUMBER 
!  d 


I 

t 

\ 

u.  1 9r?9oe 

00 

I 

I 

d 

U.  18lb80E 

00 

1 

l 

3 

u.i79W0E 

00 

1 

1 

4 

0. I 7*42 OE 

00 

d 

1 

1 

0. I347I0E 

00 

d 

1 

c 

u.  J2435CE 

00 

d 

1 

3 

o.  I22920E 

00 

d 

1 

4 

0. 120790E 

00 

J 

1 

I 

0. 132UOE 

00 

J 

I 

i 

M.  I  li,'*0E 

00 

3 

t 

3 

M.  JI02bUE 

MU 

3 

1 

4 

M.  l0t>540E 

00 

4 

I 

1 

U.I49150E 

00 

4 

I 

0.1I7450E 

00 

4 

1 

3 

0. 11351 OE 

00 

4 

1 

4 

u. 1 07800E 

MO 

INPUT 

ECOND 

CNRP  WMlER 

t 

1 

d 

1 

u.  33U490E 

00 

1 

d 

2 

U.272540E 

00 

l 

d 

3 

U.  34bb5uE 

00 

I 

d 

4 

u,  292300E 

00 

d 

d 

I 

U.  183840E 

00 

C 

i 

£ 

0.  184780E 

00 

d 

£ 

3 

o.  didt- 1  o£ 

UO 

d 

<; 

4 

U.234UU0E 

uo 

3 

2 

I 

U.2&8&4ME 

00 

3 

d 

£ 

U.249MME 

00 

J 

d 

3 

U.4083&0E 

00 

3 

i 

4 

U.  34uttUMi 

ml 

4 

d 

I 

U.4y«520E 

00 

4 

d 

£ 

U.39343ME 

uc 

4 

& 

3 

u.8?t>y80C 

uo 

4 

d 

4 

0.  7443P0E 

uo 

HENN 

1  •  J 

1 

J  • 

1 

NEFtN 

•  u,  I837t>0£ 

Ou 

1 

d 

J  • 

I 

H£*N 

•  0. l23c92C 

00 

1 

3 

J  • 

1 

he  Fin 

•  U.U3427E 

OU 

1 

4 

J  • 

1 

f*MN 

•  0.12I978E 

00 

I 

I 

3  • 

d 

NEHN 

•  U.  32M4SE 

00 

I 

d 

J  • 

d 

NEMN 

•  U.207807C 

Ou 

l 

J 

J  • 

d 

N£HN 

•  0.329335E 

00 

1 

4 

J  • 

d 

nEhn 

•  0.t>28320£ 

00 

vP.O» 

p 

l 

u  • 

\ 

u.»62b4b£-02 

p 

» 

0  • 

d 

-U.589135C-03 

p 

1 

0  • 

3 

0.2©3995C-u3 

p 

1 

0  • 

4 

0.59P372E-W 

p 

d 

u  * 

l 

-0.38*1 3PE-03 

p 

d 

0  * 

d 

U.i33d34E-Oi 

p 

6 

0  * 

3 

0.©7479oE-u2 

p 

i 

0  • 

4 

M.  I707S9E-01 

p 

J 

0  * 

I 

u.i©3993E-03 

p 

3 

0  « 

5 

m.©7479«E-02 

p 

J 

0  • 

3 

U.  204  lt.3£-Ul 

p 

3 

u  • 

4 

o.3i9693E-0l 

p 

4 

0  • 

I 

u.5*33?2E-02 

p 

4 

0  • 

i 

M.  I70739C-01 

p 

4 

u  • 

i 

0.339893E-01 

p 

4 

u  * 

4 

0.  140 348c  00 

0 

a 

-u.  141,'bM;  uu  Pi  *  -u,  a. 

>mu€-ui 

P3 

» 

-o 

d »3yo?E 

Ol)  N  *  -U 

SO*342E  uo 

1  vhloES 

-U.  4 UC  I 

-M»}j37li>yiM94fc  u s  e 

0.2tf  J.'4|frM«lfc  j 

-U.iloM>14t>4b4E  U*  4 


<.  «  4  N  *  4 


LiNfcH*.  [i i . c r i n i rui t e  functions 


*rk£  n  •  2  -  SINE  VKVt,  J.  1864*11  CARRIER 
-*>.  }4iUMiE  Mi 
-u.Mbe:?&£  Ui 
-v.Mc^ilE  Ui 
U.  ^Obb7Uc  Uc 

►IVtfcHOl  •  -U.S.|^4jS£  Mi 


*■«<.£  b  •  o  -  AM  K30  loot,  100HZ  TONE,  J  1864  CARRIER 
-•‘.t*.^4.’F  tv 
b.C.C^Ii  Mw 
M.t4bM.  jfc  Me 
-M.Cb4I^Wl  Me 
rlvERnuE  ■  -U.b5*‘7&?£  Me 


FIGURE  11-2.  COMBINATIONAL  Z5 
RUN  11 
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^  INPUT  FIRST  CARD  NUH9ER 


0.1973906  00 

0. 1816806  0U 

0. 179330E  00 
0. 1764606  00 
0.  134710E  00 
0.184350E  00 
0.188980E  00 
0. 180790E  00 
0.138180E  00 
0.  11879(ie  00* 
0.11 08b 06  00 

0. 10*3406  00 
0.149150E  00 
0.1|  74306  00 
0.1133106  Oy 
0.1078006  00 


INPUT  SECOND  CARD  NUNKR 

1  ; 


0.8080806  00 
0.1987306  00 
0.  187*006  00 
0.  1799406  00 
o.  1378306  00 
0. 131*306  00 

o.  1888  6  06  0  0 

0.  1831806  Oy 
0.1388306  00 
0. 1868106  Ou 
0.1199006  00 
0.1107806  00 
0.  139  7  0  06  uo 
0.1391906  Ou 
0.1888006  UO 
0.1148806  00 


J  - 

1 

N6AN 

0.  1837bOE 

00 

J  • 

1 

N6AN 

0. I85b986 

Oo 

3  • 

1 

MEAN 

0. 1134876 

00 

J  » 

1 

NCAN 

0. 1819786 

00 

J  • 

8 

N6AN 

0. 1903986 

00 

J  • 

8 

N6AN 

0. 1308836 

00 

3  • 

8 

NCAN 

0.1837656 

00 

J  » 

8 

NCAN 

0.1354776 

00 

S<P.0> 

0  • 

t 

0.3807316-03 

0  * 

8 

0.  344*786-03 

0  * 

3 

0,*4l9*4E-03 

0  « 

4 

o.  10381 86- U8 

0  • 

1 

0.  344*786-03 

u  • 

8 

0.8881486-03 

0  « 

3 

0.4849016-03 

0  • 

4 

0. *9*39*6-03 

0  » 

1 

0. *419*46-03 

0  • 

8 

0.4849016-03 

0  • 

3 

0.  ?9ioi IE-03 

0  * 

4 

u.  1897846-08 

0  • 

1 

0. 1058186-08 

v  • 

8 

0. *9*3966-03 

u  ■ 

3 

0.  1897846-08 

0  - 

4 

0.8188586-08 

01  •  -U. *638316-08  D8  « 

03  *  -0.83375  06  -  08  04  • 


'0. 4338386-08 
-0. 1330yy6-yi 


1  LMNfcDA  VALUES 

-0. 180371093756  US  1 

-o.  15791  UOt>850E  0*  2 

0. 19341 1*375 06  Oo  3 

-U.38376&Q78UE  05  4 


LIN6AR  OISCF'IhINhTC  FUNCTION? 


PACE  H  .  2  .  SINE  HAVE,  3.U64MU  CARRIER 
-U. 7731876  04 
-0.7758406  04 
-0.. 731776  04 
-0. 7?S14fiE  04 
HVfRNbE  ■  -0.7731 '16  04 


‘  FM  t«30  1  IHJ  TOSE.  I.1U4MU  auUtlER 
-0. 7. 5c33E  04 
-0. 7838b$£  04 
-o.  .'758076  04 
-o.  .’.’513*6  04 
MV6*HoE  *  -■».  775c816  04 


FIGURE  11-2.  COMBINATIONAL  25 
RUN  12 


118 


!N£UT  FIRST  CARD  HOMIER 

j  2 


1  l  0.197390E  00 

1  2  0, 18J680E  00 

I  3  0, 179330E  00 

*  4  0.1 7642 OE  00 

1  1  0, 13471 OE  00 

»  2  0. 124330E  00 

,t-  3  0. 122920E  00 

*  4  0, 120790E  00 

*  1  0.132120E  00 

1  2  0, 112790E  00 

1  3  0.110260E  00 

1  4  0. 106540E  00 

1  1  0. 149I30C  00 

1  2  0.U7430E  00 

*  3  0. 1 1391 OE  00 

1  4  0, 1 07600E  00 

SECQHD  CARD  HOMIER 


0.333330E  00 
0.393000E  00 
0.400000E  00 
0. 42744 OE  00 
0.  191730E  00 
0.184630E  00 
O.lfiOOOOE  00 
0. 177420E  00 
0.293430E  00 
0. 27902 OE  *00 
0.260000C  00 
0, 24444 OE  00 
0. 34132 OE  00 
0.32 444 OE  00 
0.470000E  00 
0.42 049 OE  00 


1  M£  AM  « 

1  HE  AM  * 

1  HE  AM  • 

1  HE AM  * 

2  HE  AM  * 

2  HE  AM  * 

2  HE  AM  * 

2  HE  AM  « 

S(PtO) 


0. 183740E  00 
0.123492C  00 
0.U3427E  00 
0, 121979E  00 
0, 39199 3E  00 
0. 18393 OE  00 
0.249979C  00 
0.4941 10E  00 


0.29C074E-02 
-0.392892C-03 
-0. 1 37391 E- 02 
-0.494770C-02 
-0.392992E-03 
0.24} 103E-03 
0. 42249 7E-03 
0.132418C-02 
.-0.157381E-02 
0.b22497E-03 
0.173249E-02 
0, 457447E-02 
-0.494770E-02 
0. 132618E-02 
0, 437647E-02 
0.  124833E-01 


-0.209233E  00  02  • 
-0.133330E  00  0*  • 


-0.382373E-G1 
-0.372132C  00 


1  .  LAMBDA  VACUES 

"■U.204;^D74023E  04  l 
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U.4**4Ub£-05 
•U.4bl407C-u5 
0.  l746«6E-05 
C.4*»40oE-o5 
0, 1 3l 747E-OI 


-U.505575E  UU  D5  • 
-U.I5oc5b£  oo  04 


U.5b5075£-ul 
-U.3c*59?E  00 


-o. 16d4b37b*53E  04 

u.  I5uu^>5*«.67£  u5 
-0.041  Ubjo.’m  04 
-u.<r4o*14uo*5o£  0 > 


lh«6L«  v«tuC: 

I 

> 

3 


4  n  •  4 


LlrtEhfc  Dl.CFtnlhHlE  FUNCTION' 


AwCE  «  •  J  •  FH  H>0  100H2  TONE,  3.1164**  *  CARRIER 

o.  7ou.7b*£  gj 
o..'o>ttlt*E  U4 

U.77g7*5E  oo 
o,  'O>ol5£  UJ 

HrffcPHvE  •  o.  7o75»'*£  tti 


h«t£  l  •  S  -  AM  TOO  I00\,  1W2  TO.NE.  3.14644U  CARRIER 
o.  la57«*>£  vt 
0.  ItlJocE  o, 
o.  toc.'54E  oj 
o.  Io4c*ot  o. 

•nvtfrMOt  *  o.  ir!54'.£  y. 


FIGURE  11-2.  COMBINATIONAL  Z5 
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IftPUT  FIRST  CftPD  hWIIER 
4 


8 

8 

S 

J 


J 

4 


INRUl 

5 


I  0.801940E  00 

8  U. 187t>80E  0U 

3  U. t68b70E  00 

4  0. 17883UE  00 

i  0.  U7870E  0« 

8  0.  183301E  00 

3  0. 188^70E  00 

4  0. 18843QE  00 

1  0. 137930E  00 

8  0.119940E  00 

J  o.  liU^OE  mm 

4  0. 10*3*UE  uu 

1  0. 15981 oE  00 

8  U. 188950E  00 

3  0.130950E  00 

4  o. ii8iroE  uo 

-ECOND  CNRD  NUMIER 


1 

8 

1 

0.  34t>740E  00 

l 

£ 

£ 

0.84*430E  00 

l 

£ 

3 

0.85541  ME  00 

1 

£ 

4 

0. 145900E  00 

8 

£ 

1 

o.  traaooe  oo 

c 

8 

£ 

0. 194960E  00 

£ 

8 

J 

O.8O0380E  Oo 

i 

£ 

4 

M.  1 1 3840E  00 

J 

£ 

l 

o.8t>l830E  00 

* 

£ 

8 

O.875180E  00 

J 

£ 

3 

U.8»*«50E  00 

i 

8 

4 

0.9M4590E  00 

4 

£ 

1 

0.4*1 370E  00 

4 

£ 

3 

0.44 398 OC  00 

4 

£ 

J 

0. 478fe70E  00 

4 

* 

4 

0.d0d890€  OO 

HCAN«|*J» 

1 

J  • 

1  «E«N  •  0. 189880C 

00 

£ 

J  • 

l  «EhM  •  o. 189343E 

00 

J 

J 

1  NERN  •  o, 188138E 

00 

4 

J 

1  m£mN  *  o.  138880C 

00 

1 

J 

£  nfcMh  •  O.849370C 

Oo 

£ 

J 

£  MEmN  *  o , 1 7I830C 

Oo 

J 

J 

£  nti* i  •  0.438818E 

00 

4 

J 

8  rt£«M  •  0.  \55718C 

00 

S<R*0* 

R  • 

1 

St 

l  0,8M4v5mC-01 

r  * 

1 

0 

8  o.70*4o(«-o8 

R  • 

1 

0 

3  -o,  «.©(  004E-01 

R  * 

l 

U 

4  -0. 383/olC-O! 

R  • 

£ 

0 

1  o.  70*4UUC-08 

R  • 

£ 

U 

£  0,  4>4b4  OE-08 

R  * 

£ 

0 

3  -0. 3&3357E-0I 

R  * 

£ 

u 

4  -U.  l'#t.*5t.E-0I 

R  ■ 

J 

0 

1  -o.t»t.o0o4E-0l 

R  • 

3 

u 

8  -0.3©3357£-0l 

R  - 

3 

0 

i  0.8*75?0£  00 

R  - 

J 

0 

4  0.159787E  OO 

R  * 

4 

u 

1  -o. 3837t>l£-0l 

R  • 

4 

u 

8  -0.  !>«.95eS-0i 

*  • 

4 

0 

J  0.1597*7E  00 

R  • 

4 

u 

4  0.8781 33E-OI 

1)1  •  -u. mOo>uoE-m1  t»8  *  -0. 484878E-01 

|>3  -*  -v.  jIocmvE  00  D4  *  -0.488838C  Oo 


U.4o5745t. 054 ft  O > 
0.  4b4Oc40l'?j4t  0.« 
0.*Ue0j77t973E  Oj 
m.«84J'*/1»473E  Oi 


vhcuES 


tlnEt*  DlSCRiniNHlE  FUNCTIONS 


KHvi  n  •  4  •  m  K>0  '”•*  Tv'vv  *  CARRIER 

o.l  1 4  > 1 ot  oj 
0.  11/117E  ot 
o.  Il70u5t  vj 
u.)l  5o-'E  Oj 

rtvEhnoE  •  o.  ll*-ttot  Uj 


frrui  t-  •  S  •  AX  WO  S0\,  UHl  TONE.  3  18t»4»U  CARRIER 
i.4'*>”07E  Ml 
0.184  OC 

-".c04^5oE  01 
>.4**M04E  Ml 

nvtkNUt  «  O  504.<5$E  Ml 


FIGURE  11-2.  COMBINATIONAL  Z5 
RUN  19 


25 


1NAUT  FIRST  CfWb  NUMBER 
>1  4 

X  t  X  0. 20194  OE  00 

1  1  2  0.187690E  00 

1  1  3  0.183to70€  00 

1  1  4  0.  J79830E  00 

2  i  1  0. 137670E  00 

2  l  2  0.128301E  00 

2  l  3  0.  J28970E  00 

2  l  4  0.122430E  00 

3  X  l  0.137930E  00 

3  X  2  0,  1144906  00 

J  X  3  0, 12I220E  00 

3  l  4  0. 109390E  00 

4  X  X  0» 139210C  00 

4  l  2  0, 12893ft  00 

4  X  3  0. 130930E  00 

4  X  4  0, 1 121706  00 

1NAUT  SECOND  CARD  NUMBER 
t  k 


Jl 


X  2  l  0.39049  0E  00 

X  2  2  0,2 7234 0€  00 

X  2  3  0, 34feb30€  00 

X  2  4  0.292300C  00 

2  2  I  Q.183840C  00 

222  0.184780C  00 

2  2  3  0. 22641 0C  0*0 

2  2  4  0.234000E  00 

3  2  X  0.24884ft  00 

322  0. 24934 OC  00 

3  2  3  Q.4O034OE  00 

3  2  4  0.390O00E  00 

4  2  1  0.49832ft  00 

422  0, 393430C  00 

4  2  3  0.874980C  00 

4  2  4  0.74433ft  00 

X 

MCANtl*  J) 

I  •  X  J  •  I  MEAN  •  O.I8920OC  00 

1  •  2  J  •  l  At Ah  •  0.129343C  00 

l  *  3  3  •  X  MEAN  -  0.122132C  00 

X  •  4  J  •  X  ME  AM  •  0. 13282ft  00 

I  -  X  3*2  MEAM  *  3.323343C  00 

l  *  2  J  •  2  ME  AM  *  0.207807E  00 

1  •  3  J  •  2  KAh  •  0.329333C  00 

1  •  «'  jo  2  AEAM  •  0.428320E  00 

SlA.Q) 

A  o  |  Q  o  j  0. 8837|9€*02 

A  o  |  0  •  2  -0.382938C-03 

A  o  1  0  •  3  0.29k 1411-03 

A  o  |  g  »  4  0.399U3C-02 

A  •  2  g  •  1  -0.382938E-03 

A  •  2  Qofe  0.234k83C-02 

A  •  2  g  •  3  0.473820E-02 

A  O  2  g  •  4  0. 170990C-0I 

A  •  3  0  •  t  0.28U4IE-03 

A  •  3  0  o  2  0.47382 0C *02 

A  •  3  0«  3  0. 2 044**44- 01 

A  •  3  0  -  4  0. 3*04434-01 

A  o  4  U  •  X  0.399I43E-02 

A  •  4  0*2  0.I70990C-01 

A  •  4  g  ••  3  0.340443E-01 

A  o  4  0-4  0.148437E  00 

SI  •  -0. 134243C  00  D2  •  -0.784*4?E-0! 

D3  *  -0.207202E  00  04  •  -0.49330ft  00 


I  . 
I 


1  lambda  values 

*0.4191' -39778E  02  X 

-0.4U?*3303t4£  03  2 

0. 1308I930342E  03  3 

*0. 034824927 I8E  01  4 


L  »  4  h  •  4 


LINEAR  DISCRIMINATE  FUNCTIONS 


RwlE  H  •  4  •  FM  TOO  XtHl  TOM ,  3.U64MU  CjUUtlEft 
*0.4o398ft  02 
-0.44343ft  02 
-U.444V49E  02 
*»'.  4*98  Oft  02 
AVERAGE  «  -0.443341E  02 


4 

4 

ft 


RhC£  b  .  6  *  AM  *>£>  I00\,  1O0HZ  T0KE,  3.1464*iZ  CAWIEft 
-0.3o499oE  02 
•0.34tfeU3£  02 
-0.337136C  02 
-V.372332E  02 
average  •  -0.339522c  02 
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INPUT  F1PST  CFIPD  HUMBER 
I  4 

1  1  1  u.2ul94uE  UO 

1  1  2  u.  18?*3<>E  MU 

J  1  s  U.  t88o70E  ‘*0 

1  i  4  o.irfcS^oE  uo 

<■  i  i  o.i37t.7oe  oo 

c  1  2  0. 128301E  UO 

2  1  3  u. 128970E  OU 

2  1  4  0.  122430E  00 

J  l  1  0. 137930E  00 

}  i  2  u.ii<»44ce  oo 

.  i  .  uu;»c  ou 

^  1  4  U.  I  U^*i9UE  OU 

4  1  1  U.|*4£|0E  00 

4  1  2  U.  128930E  00 

4  |  3  U.130*90£  00 

4  l  4  U.  M2I70E  00 

input  -fcCQNl'  two*  mumbe* 
t  . 

t  2  1  0. 30208 OE  00 

I  2  2  0. 132750E  00 

l  2  3  U. I8?b00£  MO 

I  2  4  U.179*4UF  UM 

1  2  1  0.  137830E  00 

*22  U.  13103CE  00 

2  2  3  o,  1282&0E  "0 

2  2  4  U.  l23lbUE  UU 

3  3  I  U.138230E  OU 

322  u.l2b2tu£  OU 

3  2  3  U.1I9900E  00 

3  i  4  u. II U720E  uO 

4  3  1  U.IWOOE  00 

4  3  2  U.  139190E  00 

4  2  3  0,  126800E  OU 

424  o.  114220C  00 

l 

HEfrfl.I.  J. 

I  »  I  j  *  I  MEftfl  •  u.l«*280E  uu 

I  »  2  J  •  l  mEmM  *  U.129343E  00 

l  •  3  J  •  1  *E«fi  •  0.122132E  00 

1  •  4  j  •  1  NEHN  -  0. 132820C  00 

I  «  I  j  •  2  «EnN  •  U. 190392E  uO 

I  *  2  j  •  2  nEnn  •  0.l3o22*E  uu 

j  •  3  j  •  2  nEnN  •  0. 12376SE  OU 

1  •  4  j  >  2  n£nn  «  U.135477E  00 

:*•<>> 

P  a  i  Cl  •  1  U.53I458E-U3 

p  ■  I  0*2  U.3*u87bE-03 

P  •  i  u  •  3  u.  b*9l  09E-03 

P  •  1  0*4  < .  108992E-02 

p  >  2  0*1  u.3*u87bE-u3 

P  i  £  0*3  U.23U5&E-03 

^  0*3  U.4>5I4«>E”U3 

P  •  t  0*4  U.?19*41E-M3 

p  m  j  0*1  O.b*9l09€-u3 

p  m  3  0  *  2  0.43*14b£-03 

p  »  3  0*3  U.81?b79f-u3 

j  U  *  4  U.135259E-02 

p  »  4  0*1  0.1U8?92E-02 

P  a  4  0*2  0.71954JE-03 

p  .  4  0*3  u.  135239C-U2. 

pa  4  o*4  U.223831E-U2 

Dl  ■  -u.  1 3l34k*E-U3  l»2  •  u.b82238E*03 

hi  *  -u.  lt>3iSoE-u2  04  #  *u.2©5747E-02 


Lr^lfcOrt  vhluE  . 
u.  3.  2?u,j*>&79?£  U4  1 

u. 833*410! Sect  U4  c 

U,2'*84«bUbC>41t  "4  ■> 

u,  *4 31  3b4?4olE  u'}  4 


t,  a  4  N  *  4 


lINEhP  OI.iPInINmTE  FwCMQmC 


»rv.t  rt  •  4  -  FM  MOD  SKH2  TONE,  J  1161X12  CARHIFR 

-•i.  1  32b7«£  U3 
-u. 1 .cbicE  u. 

-3.  1.2*3lE  Urf 

-V.  l«7jfe£  U' 

m  k PHvt  *  -*•.  1  .b. ”-*u£  »j 


(  .  7  .  FM  MOD  1KH*  TONE,  5.1S64XI2  CARRIER 

-»•.  I,,.  •  <E  »• 

-•>.  1-»c74uE  u 
*'•.  1  .c  3luE  1 
-*i.ltc»luE  " 

h»EPhuE  ■  -".Ivwo'dE  J3 
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INPUT  FIRST  CARO  NUN OCR 
I  4 


1 

1 

i 

0.20194 OC 

00 

1 

1 

a 

0. 187680C 

00 

1 

1 

3 

0. 188670C 

00 

1 

t 

4 

0. 178830C 

00 

2 

1 

1 

0. 137670C 

00 

2 

l 

a 

0. 128301E 

00 

a 

1 

3 

0.1 2897  0€ 

00 

a 

l 

4 

0.122430C 

00 

3 

1 

1 

0.137930C 

00 

3 

1 

a 

n.  1 19940E 

00 

J 

1 

3 

0. 12122  OC 

00 

3 

1 

4 

0.  109390C 

00 

4 

I 

1 

0.139210C 

00 

4 

1 

a 

0. 128930C 

00 

4 

1 

3 

0.  130930C 

00 

4 

1 

4 

o.  uairoc 

00 

INPUl  SECOND 

CARO  NUN  MR 

8 

1 

a 

l 

0. 33333 OC 

00 

1 

a 

a 

0.3Q3000C 

00 

1 

a 

3 

U.400000E 

00 

1 

a 

4 

0.42744 OC 

00 

a 

a 

1 

0. 19173  OC 

00 

a 

a 

a 

0. 184430C 

00 

a 

a 

3 

0.  IOOOuOC 

00 

a 

a 

4 

0,l774aOE 

00 

3 

a 

1 

0.293430C 

00 

3 

a 

a 

0. 27802  0€ 

00 

3 

a 

3 

o.aoooooc 

00 

3 

a 

4 

0. 24444 OC 

00 

4 

a 

l 

0.34132 0€ 

00 

4 

a 

a 

0. 32444 OC 

00 

4 

a 

3 

0. 470000C 

00 

4 

a 

4 

O.42048  0C 

00 

l 

J  • 

1 

NCAN 

0.189ai0C 

00 

2 

J  • 

1 

NCAN 

U.129343C 

00 

3 

J  • 

l 

NCAN 

o.iaai3ac 

00 

4 

J  • 

l 

NCAN 

0.132820c 

00 

1 

J  • 

a 

NCAN 

0.391 99 3£ 

00 

2 

■J  • 

a 

NCAN 

0, 18393GE 

00 

3 

J  • 

a 

NCAN 

0.2*89?8€ 

00 

4 

J  • 

a 

NCAN 

0.4941  IOC 

00 

StP*Q> 

p 

1 

Q  • 

l 

o.a97i47c-oa 

p 

l 

0  • 

a 

-0.384494C-03 

p 

1 

0  • 

3 

-0.133844C-02 

p 

l 

0  • 

4 

-0.490994E-02 

p 

a 

0  • 

l 

-O.384494C-03 

p 

a 

0  * 

2 

0.a444l9C-03 

p 

a 

0  • 

3 

O.43273IC-03 

p 

a 

Q  * 

4 

0.  l54933£-0a 

p 

3 

0  • 

1 

-0.  I33844C-02 

p 

3 

0  * 

a 

0.to3a73lC-03 

p 

3 

0  • 

3 

0. l77873C-0a 

p 

i 

0  • 

4 

o.443iaac*oa 

p 

4 

0  - 

1 

-0.490994C-02 

p 

4 

0  • 

a 

0.134933£-0a 

p 

4 

0  • 

3 

o.443taac-o2 

p 

4 

0  • 

4 

0.123933C-01 

D1  •  -0.a027l3€  00  D*  •  -0. 54fcG7*€-0l 

OS  »  -0. 14*6434  00  04  *  -0.3oia90€  00 


-0. 1&874132032C 

04 

LAN9DA  VALUES 
1 

u. 14*ai?14?97C 

03 

£ 

-U. *4449746 0>4C 

04 

3 

-u.a3uao40?i0*C 

03 

4 

C  >  4  N  •  4 

lINCmF  DIICRIMJHAIE  FUNCTIONS 


RACE  A  «  4  •  FM  ICO  SOU  TONE,  3.M64UU  CAltilEA 
0.7473aaC  03 
v.?3?aa 4E  03 
U.  73*93  0€  03 
0.736302E  03 

rtvtRA6€  •  0.733049C  03 


khCE  b  •  t  •  AMHX>  100\.  1KH1  TONE,  J.U6U4U  CARRIER 
•  0  1  t>Vt»4U£  U3 
D.USWH  03 
V.  147033E  03 
0.  1*4320€  03 

NVERA6C  •  U.  137696E  03 
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1MPUT  FIRST  CARD  HUMBER 

t  3 

1NPUI  FIRST  CHRP  MUMBEF 
!  * 


1  I 
l  1 
l  1 
l  I 

£  I 
J  1 

.<  I 

4  I 
4  1 

4  1 

4  1 

input 

!  t> 


I  U.  34t>74uE  00 

£  0.£4<*4  30E  U0 

i  0. 45941 OE  VO 

4  M.  145900E  MO 

1  v. I79MM0E  MM 

£  0.1>4**0E  Ou 

3  O,f003£0E  Ou 

4  u.  113£40E  00 

l  0.£»!8)0C  OU 

£  U.£75180E  00 

j  u.  £8**9 uE  MM 

4  U.904990E  00 

i  u»4^i3ruc  oo 

£  0. 4439£0£  OU 

s  U.479*rOE  00 

4  U,8U«8*UE  OU 

.ECOHD  CHRP  HOMIER 


l 

l 

u.  3*049uE  Ou 

l 

£ 

0.£7£54Ufc  00 

1 

£ 

J 

0. 34**9 u£  MU 

\ 

t 

4 

v.£H5lWfc  Ou 

t 

I 

U.10304UE  uu 

£ 

£ 

£ 

U.IM4780E  00 

' 

£ 

3 

U.££8*l0E  OU 

£ 

£ 

4 

0.£34UUUE  Ou 

j 

£ 

I 

U.£*804OE  UU 

£ 

£ 

U.£4*94UE  UU 

- 

3 

U.4093*oE  MU 

£ 

4 

it,  )40*,UUF  Uu 

4 

£ 

l 

u.4*d9£0C  00 

4 

> 

w 

0.  3'*343u£  ou 

£ 

J 

o,d7**yOE  Ou 

£ 

4 

0.  744>90E  uu 

ME  MM*  !•  J* 

l 

J  * 

l  mEmm  •  u.£49370£ 

l 

J  • 

|  ME  MM  t.  U.17l83oC 

l 

i 

J  • 

l  m£mn  •  0.43£Ml£E 

1 

i 

J  • 

l  MEMM  *  M.5557t£E 

I 

J  • 

£  ME MM  •  U.  .l£9949£ 

J  • 

£  MEMM  •  0.307807E 

> 

J  • 

£  mEmm  -  o.3£4339E 

j 

4 

J  • 

£  m£MM  •  0.*£83£0£ 

-vP.O» 

r 

1 

0 

1  u.£8788££-0l 

y 

U 

£  u.*l9l*9E-u£ 

p 

l 

0 

i  -u. **3439€-0| 

p 

1 

0 

4  -M» £749411 -01 

p 

< 

J 

l  0.*l9l99C-u£ 

p 

u 

£  u.709l99E-u£ 

p 

0 

>  -u.30u£l9€-0l 

p 

£ 

u 

4  -u. 333l0*£-0£ 

f 

i 

0 

l  i).o*3939£-u| 

y 

S 

0 

£  -M. 3008I9E-0I 

y 

1 

a 

t  U.317I78E  00 

t 

i 

a 

4  u.£|£491E  00 

r 

4 

u 

l  -U.£7444IE-0l 

y 

4 

u 

c  -u.  >331  u*C-o£ 

y 

4 

u 

,  M.£|£45IE  00 

y 

4 

u 

4  u.£33*86E  OO 

-M..’t»l?90f  *Ul  D£  • 
u.  IUJ477E  MU  l>4  * 


-U.3S9775E-01 


*U. .<£.»M799u394E 
-M.'f44’4^>^U’5*MjE 
m.  *4.’©9£930*7E 


UMHw  VrfCOE 

U£  » 

0£  £ 

Ml  t 

Ml  4 


4  It  *  4 


lINEf*  MSCRlHlMHTE  FuftCTICMS 


PhU  h  .  S  •  AM  MOD  S0\.  mi  TONE.  J.l*6i#U  CARRIER 
-u.yvitoifc  oi 
-u.tie*9$*£  mi 

-y. >uib89E  ol  * 

-V.OMH/tt  Ml 
«vt Rm>t  »  -u.auolME  ul 


FIGURE  11-2.  COMBINATIONAL  Z5 
RUN  23 


*w«.t  t  •  6  ■  AM  MOO  100\.  100H2  TONE,  3  U64UU  CARRIER 
-y,  *c**u9£E  ul 
-M.£Mo«:M*fc  Ml 
U.*MlUlE  Ml 
ul 

►i»tRHuE  •  u.  ■*4«  l  *t  ul 


129 


INPUT  FIRST  CARD  NUNiER 


1  I  0»  346740E  00 

I  2  0.249430E  00 

1  3  0.23341 0€  00 

I  4  0. I43900E  00 

1  1  0.  178800E  00 

I  2  0.194940E  00 

1  3  0.200320E*  00 

I  4  0. 1I3240E  00 

1  1  0.261830C  00 

1  2  0.275180E  00 

1  3  0.269630E  00 

I  4  0. 904390C  00 

1  I  0. 491 370E  00 

I  2  0.443920E  00 

1  3  0.478670E  00 

1  4  0.808890E  00 

SECOND  CARD  NONKR 


0.202080E  00 
0. 192730C  00 
0. 187400E  00 
0.  179940E  00 
0. 137R30C  00 
0. I31630E  00 
0. 12<2b0£  uO 
0, 123180C  00 
0. 138230C  00 
0. 1 242 10€  00 
0.  U9900C  OO 
0.  110720C  00 
0. 139700C  00 
0*  139190C  00 
0. 128800C  00 
0.U4220C  00 


1  N6AN  - 
I  MEAN  * 
l  MEAN  • 

1  MEAN  * 

2  HEAH  • 
2  MEAN  • 
2  MEAN  • 
2  ACAN  • 


0.249370E  00 
0. 171830C  00 
0. 432012E  00 
0.3337J2C  00 
0* I90392C  00 
0*  130223C  00 
0. 123743C  00 
0. 133477E  00 


MEAN  •  0.3337I2C 

HEAH  •  O.190392E 

N|AN  >  0*  130223E 

MEAN  •  0. 123763C 

MEAN  •  0.  133477E 

S &*Q> 

0.204823C-0I 
0.  7O8370E-O2 
-O.bbOl30€-OI 
-0.324007C-0I 
0.708374E-02 
0.494133C-02 
-0.363430E-01 
-0.197I03E-01 
-0. 6b0i36E-01 
-0.3b3430C-01 
0.297333E  00 
0. 159739C  00 
-9.324007C-OI 
-0. 197103E-0I 
0. 139739E  00 
0.877689E-0I 


O.387773E-0I  D2  * 
0.309047E  00  D4  • 


0.4lt.030€-01 
0. 420233E  00 


-U.4»?32V2044?E,  03 
-U.4*?d604/3fe3E  03 
-U.  oU/t>Ot>ujMfcE  Oj 
0.^942993 \U  03 


LHAEDA  VALUES 
1 


C  •  4  N  »  4 


LINEAR  DISCRININATE  FUNCTIONS 


RA»E  H  -  S  •  AM  H>D  SOt.  I  CHI  TONE,  3.1I44MQ  CARRIER 
-0.309679E  01 
-0. 133391E  02 
0.  I14728E  01 
-0.5b9J*l£  01 
MVERA6E  *  -0. 394499E  01 


RMCE  l  •  7  •  FA  H)0  UHI  TONE.  3.H64J4U  CARRIER 
-0.  H50b*t  03 
-0.  11/230C  03 
-U. 11791  IE  03 
-0. 11U2o3E  OJ 
mvERAGE  -  -0.1l7l2tfE  03 


FIGURE  11-2.  COMBINATIONAL  Z5 
RUN  24 


INPUT  FIRST  CARD  NUMBER 
* 

1  1  I  Q.346740E  00 

1  1  2  0. 249430E  00 

1  1  3  0. 29941 0E  00 

1  I  4  U.  I45900E  00 

2  1  t  0.178800E  00 

2  12  0.  194960E  4)0 

2  1  3  0.20032 OE  00 

d  1  4  0.  113240E  00 

3  1  1  0. 26183 OE  00 

>  1  2  0.279180E  UO 

3  1  3  0.269t>3uE  00 

3  l  4  0. 904590E  00 

4  i  |  0.49J370E  00 

4  I  2  0. 443920E  00 

4  1  v  o.478b70E  00 

4  i  4  U.8U889UE  ou 

INPUT  SECOND  CARD  NUMBER 

e 

I  2  l  0.35553uE  00 

1  2  d  0.  383000E  00 

1  d  3  0. 400000E  00 

1  d  4  0.4274401  00 

d  2  I  0, 191750E  00 

2  2  2  0.  18ot>30E  00 

223  0. IdUOOoE  00 

2  2  4  0.  I77420E  00 

3  2  J  0.293430C  00 

322  0.278 02 OE  00 

3  2  3  0. 2&OOOOE  00 

324  U.2444»0E  00 

4  2  I  0,  *t>l  320E  00 

4  2  2  O.524640E  00 

423  0.470000E  00 

424  0.420480E  00 


MEAN'I* J> 

I  •  l  J  •  l  MEAN  -  0,2493706  00 

1*23*1  MEAN  •  0,  171830E  00 

1  •  3  3  *  l  MEAN  •  0, 4  32812E  00 

1*43*1  MEAN  '•  0.  *5*7126  00 

I  *  j  j  »  2  MEAN  •  0.391993E  00 

1*23*2  MEAN  ■  0.  183950E  00 

1  •  3  j  •  2  MEAN  •  0.2t>8978£  00 

I  •  4  J  •  2  MEAN  •  g.mUOE  00 

:*p.o> 

P  -  l  0  •  l  0.229225E-U1 

P  •  l  0*2  0.&34819C-02 

P  -  l  0*3  -0.t*82333£-01 

P  •  I  0*4  «0. 384005E-OI 

P  *  2  0  a  1  U.t>348l9€-02 

P  •  2  0*2  U. 49*43 l E” 02 

P  »  2  0*3  -0.3&1474E-01 

P  •  2  0*4  -  •  <88807F-‘M 

p  •  3  0*1  -u.ov.^3336-01 

P  *3  U  *  2  -0.3M474E-01 

P  •  3  0*3  U.298514E  00 

P  4  3  0*4  0. 163038E  00 

P  »  4  0*1  -O.384U05E-01 

p  •  4  0*2  -u.l8880?e-01 

P  »  4  0  *  3  0.U3038E  00 

p  «  4  0*4  U.98l239€-0l 

Di  •  -u.142*&23E  uu  D2  *  -0. I2l20o€-0l 

D3  *  O.U3835E  oo  D4  ■  O.t  lt>025£-01 


lAmEDA  VALUES 

-0.11894^080*6  03  t 

-0.4128*4 >? 01 2E  03  2 

-M.00243774414E  02  3 

0. 2 128 0*4 382 3E  02  4 


L  *  4  M  •  4 


linehr  discriminate  functions 


bhU  n  •  $  •  AM  HOD  S0\,  1KHJ  TONE,  5.1S64W1  CARRIER 
-o.  12.V19E  03 
-o. I2*uu3£  v< 

-0.1284t>*E  M3 
-0. 128?33E  03 
m\ERho£  *  -O. 12o980E 


-rut  £  •  8  •  AM  MOO  100\,  1LHZ  TONE,  i  U&U41Z  CARRIER 

”0.1  3*4  ItfE  "3 
-o.l 3occ4E  m } 

1^4<}42E  O' 

-0. 138'22E  11 

mvE&hGE  *  -w.  l.roow£  O' 


FIGURE  11-2.  COMBINATIONAL ' Z5 
RUN  25  v 
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INPUT  FIRST  CARD 
!  b 


vCP 


1  1  ! 

i  i  £ 

i  i  3 

I  I  4 

*  1  1 

£  i  £ 

£  1  i 

£  1  4 

j  i  i 

j  i  £ 

3  I  3 

3  1  4 

♦  I  1 

4  I  ? 

4  1  3 

4  1  4 

INPUT  SECOND 
i  : 


0. 390490E  00 
0.£7£34»^£  00 
0.  34&630E  00 
U.£4£S00E  00 
0. 1S3840E  00 
0.  184780E  0* 

0. £286 10E  00 
0.834000F  00 
0.£66840E  00 
u.£**34Qfc  00 
0. 4083b0E  00 
O.390b00E  00 
0.498320E  00 
0.  393430E  00 
0.67o*8mE  nr» 
0. 74433 uE  oo 
CARD  NUfllER 


£ 

£ 


£ 

3 

3 

3 

3 


4 

4 


P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 


8  I 
£  £ 
£  3 
£  4 
£  I 
£  £ 
£  3 
£  4 
£  l 
£  £ 
£  3 

£  4 
£  I 
£  £ 
£  3 
£  4 


0.  £0£uy oE  oo 
U.  19£730c  00 
O.I$7t>00E  00 
0.  179940E  00 
0. 137830E  00 
o.  iJlo'niE  no 
0.  l£8£bOk  oo 
0.  l£3!doE  00 
0. 138£30£  00 
o.  1£6£10£  00 
U.U9900E  00 
0.  1107£0£  Oo 
0. 139700E  00 
U.  139190E  00 
0. 1£8800E  00 
0.  II4££0E  O0 


NEMl<It  J» 


1 

J 

1 

MEAN 

0,  W5S45E 

Oo 

£ 

J 

1 

MEAN 

U.£0780?E 

00 

3 

3 

1 

MEAN 

U.3£9335E 

00 

4 

J 

1 

MEAN 

U.e£83£0E 

Oo 

1 

J 

£ 

NEAN 

u.  190593E 

00 

£ 

J 

£ 

MEAN 

0. 130££5E 

00 

3 

J 

£ 

MEAN 

0. l£3765E 

00 

4 

J 

£ 

MEAN 

0.  135477E 

00 

ivP.U) 


I  0  •  I 

l  0  •  £ 

I  0  •  3 

l  0*4 
£  ■  0  •  l 

£  U  •  £ 

£  0*3 

£  0*4 

3  0*1 

3  0  «  £ 

3  0*3 

3  0*4 

4  0  •  | 

4  0  •  £ 

4  U  ■  3 

4  U  *  4 


0.88£383E-o£ 
-0.591 l7£E-03 
0.£b5971E-03 
0.39*b9£E-0£ 
-0.5*U7£E-03 
o,£33t>9oE-o£ 
o.  &74893E-0£ 
0.  I70841E-01 
0,£o5971E-o3 
O.b74893E-0£ 
0.£04£5*E-01 
U.540168E-U1 
0.59eo9£E-0£ 
0.I7084IE-01 
U.5401b8E-0l 
o. 14341 3E  00 


01  *  o.  134953E  00  D£  *  0.7758£5E-ol 

03  •  U.£05570E  O'*  04  «  0. 49£84£E  00 


0.4l9b5»£j?6?E  0£ 
0.43©5l£93>45E  03 
-o. Ib40351$e7?£ 

0. 11087591 17 IE  0£ 


L«N*D*  VALUES 
1 


4  N  »  4 


LINEAR  Dl.CRlnihnTE  FUNCTION: 


F«CE  H  •  6  •  AM  tOO  100\,  100H2  TONE. 
U.5bO"l8E  u£ 

0.555 3 UiE  0£ 

0.57u83oE  y<r 
o.  5ot>G58E  y£ 

nVb&HoE  *  o.^'3i3oE  Oc 


3.U64MZ  CAJUtlER 


Fntt  t  -  7  •  FM  K)0  IKW:  TONE,  J.ia64#iZ  CARRIER 
0  4T7453E  u£ 

0. 4&3V14E  0£ 

0.45t>£4o£  0£ 

".444£*1E  yc 

mvERAOE  *  0.4*04.  «  i-c 


FIGURE  11-2.  COMBINATIONAL  Z5 
RUN  26 


r 

f  .  ( I 
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»Hf»|T  CIP^T  f»n 


IMPUT  FIRST  CARD  NUMBER 
I  t 


4 

INPUT 
t  8 


0. 390490E  00 
0.878540E  00 
0. 346b50€  00 
0.892500E  00 
0.183840E  00 
0. 184780E  00‘ 
0.8886 I OE  00 
0.834000E  00 
0. 868840E  00 
0.249540E  00 
0.408360E  00 
0. 390600E  00 
0.496580E  00 
0. 393430E  00 
0.876980E  00 
0. 744350E  00 


SECOND  CARD  NUMBER 


\ 

8 

1 

0. 33533 OE  00 

I 

8 

8 

0.385000E  00 

J 

8 

3 

0.400000E  00 

1 

8 

4 

0. 48744 0€  00 

8 

8 

1 

O.I91750E  00 

8 

8 

8 

0. 18b630E  00 

8 

8 

3 

0.  180000E  00 

8 

8 

4 

0.I77480E  00 

3 

8 

t 

0.893430E  00 

3 

8 

8 

0. 878 08 OC  00 

3 

8 

3 

0.860000E  00 

3 

8 

4 

0. 84446 OE  00 

4 

8 

1 

0.561320E  00 

4 

8 

8 

0. 58464 OE  00 

4 

8 

3 

0.470000E  00 

4 

8 

4 

0. 480480E  00 

HEANU*  J> 

J  a 

1 

J  • 

l  MEAN  -  0.385545E 

00 

J  a 

8 

J  • 

1  MEAN  •  0.807807E 

00 

1  a 

3 

J  » 

I  MEAN  •  0. 329335E 

00 

1  a 

4 

J  • 

1  MEAN  -  0.  t89380€ 

00 

I  a 

I 

J  • 

8  MEAN  •  0. 391993E 

00 

)  a 

8 

J  • 

8  MEAN  •  0. 163950E 

00 

I  a 

3 

J  • 

8  MEAN  •  0.868978E 

00 

I  • 

4 

J  • 

8  MEAN  •  0. 49411 OE 

00 

$<R»0> 

P  ■ 

I 

0  • 

1  0.  M8638E-01 

P  • 

1 

0  • 

8  -0. 138874E-02 

P  • 

1 

0  • 

3  -0.  f95l80E-08 

P  - 

1 

0  - 

4  -0.389600C-04 

P  • 

8 

0  • 

1  -0.  138874E-08 

P  a 

8 

0  • 

8  0.834977E-08 

P  • 

8 

0  - 

3  0.694652E-08 

P  • 

8 

0  • 

4  0.  179139E-01 

P  • 

3 

0  * 

1  -0.  195180E-08 

P  • 

3 

0  • 

2  0.b94b58E-C8 

P  • 

3 

0  • 

3  0.2I3866E-01 

P  » 

3 

0  • 

4  0.578954E-01 

P  * 

4 

0  - 

l  -0. 3296008-04 

P  • 

4 

0  • 

8  0.179139C-01 

P  • 

4 

0  • 

3  0.5?2954f-0i 

P  * 

4 

w  •» 

4  0.  I59?b8f.  UO 

01  * 
03 


-0.eb4475E-01  08  - 

0.b03575E-0l  D4  • 


0.838575E-U1 
0. 1 3481 0E  00 


J 

-U.M395349503E  01 
y. 3*48*1 859? 7E  03 
-0. 8444^7 396b6E  m3 
u.'M'^oDccveU  vc 


LAMBDA  VALUES 


L 


4  N  ■  4 


LINEAR  DISCRIMINATE  FUNCTIONS 


FhCE  h  •  6  •  AV  MOD  I0O\.  100HJ  TONE,  S.1I64WI  CAMIEI 
M.C31559E  Vt 
U.837831E  08 
U.837348E  Ot 
M.  <C39508E  08 

rtVERAOE  «  0.8^t!>8oE  08 


FIGURE  11-2.  COMBINATIONAL  Z5 
RUN  27 


RhcE  h  •  I  -  AM  MOD  1001,  UR*  IWfl,  S.U64MU  CU’tfER 

0.838179E  08 
u.838M*1E  08 
0. 8850  ME  08 
U.880445E  08 

HVERN6E  -  0.889438E  08 
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•*.**%**+»*<*&  gggg **>.<*■ 


FIRST  CARD  NUMBER 


1  1  0.202080E 

1  2  0.1S2730E 

1  3  0. I87400E 

1  *  .  <79<>40E 

>  I  0. 1J7830E 

1  2  0. 131630E 

<  3  0.12B240E  i 

1  4  0. I2310OE 

1  1  0. 138230C  i 

>  2  0.U6210E  l 

•  3  0.  M9500E  I 

1  4  0.  H0720E  l 

>  1  0.1S9700E  I 

t  2  0, <39190£  ( 

>  3  O.I28800C  I 

>  «  0.  U4S20E  ( 

SICBM*  CARD  MURDER 


0.33333 Of  00 
0.383000C  00 
0.400000C  00 
0.#27440C  00 
0. 491730C  00 
O.I84430C  00 
0. 180000E  00 
0. 17742 0£  00 
0. 29343 GC  00 
0.278020E  00 
0.240000E  00 
0.244440C  00 
0.341320C  00 
0. 33444 OC  00 
0.470000C  00 
0.43 040 OC  00 

MOfad.  J> 


J  «* 

t 

we  AN 

•  0.»909«C 

00 

J  • 

I 

mAh 

•  0,130££9C 

DO 

J  » 

1 

NCNN 

•  0. l£3?43C 

00 

J  • 

1 

HC*N 

•  0» 133477C 

00 

J  • 

i 

WAN 

•  0.3»t*93C 

00 

J  • 

£ 

HCNl 

•  0, 19399  Of 

00 

J  m 

£ 

N*Nh 

•  o.£*avit 

00 

J  • 

£ 

NtNh 

•  0.4941  toe 

00- 

$<P»©> 

0  • 

1 

0.29381  OC-02 

0  • 

£ 

-0.394929C-03 

0  • 

3 

-0. 137303C-02 

0  • 

4 

-0, 40344 OC- 02 

0  • 

i 

-0. 394829C-03 

0  • 

£ 

0. 2303404-03 

0  • 

3 

0.423442C-03 

Q  • 

4 

0.I3344IE-02 

0  • 

i 

-O.I37383E-02 

0  • 

£ 

O.423442E-03 

0  • 

3 

0.  I74I72E-02 

Q  • 

4 

0.440374E-02 

Q  • 

1 

-0.403440E-02 

0  • 

£ 

0.  13344IE-02 

9  « 

3 

0.  440374E-Q2 

0  • 

4 

0. I23489E-01 

*1  •  -0.30140CE  00  K  • 

M  •  -0.I4S2I3E  00  D4  « 


-0.33723 OE-OI 
-0.338O33E  00 


•0.  laOM£3»277E  04 
0. 1300V880O72E  03 
-0.43 0302 10730C  04 
-0. 22373 044 043C  03 


LrollDA  VALUES 

1 

2 

3 


LINEAR  DISCRIMINATE  FUNCTIONS 

*  **  10,1  «**'» 
0.?S7493£  03 
O./fe0O88£  03 
0.76I350C  03 

*V£JtA6£  •  0.  re?24|£  03 


r  TWEl 

V.I44Q?8£  03 
0.149&43C  03 
0.  lt>6894€  03 

******  -  0.J58233C  03 

•  g,  uooooot  uo 


FIGURE  1J-2 .  COMBINATIONAL  25 
RUN  28 


134 


^iwnjT  first  card  numier 


i  i  i 

1  i  2 

i  i  3 

1  1  4 

2  1  1 

2  I  2 

£  1  3 

2  I  4 

3  1  I 

3  1  2 

3  l  3 

3  1  4 

4  1  I 

4  1  2 

4  1  3 

4  X  4 
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Section  12 


CONCLUSIONS  AND  RECOMMENDATIONS 


12.1  CONCLUSIONS 

The  basic  question  to  be  answered  in  the  study  was:  to  determine 
if  Q  distribution  curves  generated  from  BEM  measurements  were 
adequate  for  the  discrimination  and  identification  of 
interfering  signal  types,  assuming  that  the  BEM  equipment  was 
modified  only  to  the  extent  of  using  a  set  of  countdown  ratios, 
as  contrasted  to  one  ratio  in  the  original  equipment. 

Based  on  the  analysis  and  results  of  the  present  study,  it  is 
concluded  that  the  method  is  indeed  a  usable  procedure  for  those 
signals  which  truely  have  a  different  probability  distribution, 
and  the  method  is  essentially  independent  of  power  level.  The 
results  given  in  Sections  10  and  11  show  this  to  be  true  even  in 
signals  whose  ditributions  are  quite  close  together.  Although 
signals  with  noise  AM  and  noise  FM  were  not  tested,  preliminary 
analysis  has  shown  that  signals  of  that  type  could  be 
distinguished  from  each  other  and  from  those  tested. 

The  question  of  the  number  of  countdown  ratios  required  for 
discrimination  was  studied  and  extensive  runs  were  made.  It  was 
found  that  5  ratios  were  adequate  for  achieving  the  present 
results,  and  that  additional  countdown  ratios  did  not  add  to  the 
accuracy  of  representation  of  the  Q  distribution  junction. 

Both  collocation  and  least  squares  methods  were  investigated  for 
curve  fitting  purposes  as  approximations  to  the  general  Charlier 
procedure.  It  was  concluded  that  discrimination  capability 
would  not  be  improved  by  the  general  approach,  but  that  the 
least  squares  was  significantly  better  than  collocation  with 
respect  to  smoothing  capability,  as  documented  by  a  number  of 
runs.  In  addition,  least  squares  permitted  the  use  of 
additional  measured  data  without  increasing  the  order  of  the 
equation.  Many  runs  with  the  data  taken  determined  that  a 
polynomial  of  degree  four,  using  five  measured  data  values  gave 
the  best  overall  fit.  This  met  the  criteria  to  keep  the  number 
of  data  points  required  as  small  as  possible,  consistent  with 
discrimination  capability. 

The  approach  of  considering  inequality  bounds  on  the  slope  of 
the  curve  using  spline  methods  would  be  useful  in  further 
development  work. 
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Numerous  trials  showed  that  linear  discriminates  were  adequate 
for  discrimination  by  the  Q  distribution  curves  considered  which 
were  repeatably  different.  Additional  investigation  into  the 
use  of  nonlinear  procedures  would  be  useful  in  further  develop¬ 
ment  work  which  involved  additional,  more  complex  signal  types. 

It  is  concluded  that  a  proof  of  principle  has  been  clearly 
established  and  that  the  method  of  approach  developed  in  the 
present  study  is  adequate  for  the  solution  of  the  proposed 
problem,  with  the  following  exceptions.  The  Q  distribution 
alone,  based  on  averaging  type  measurements  will  not 
discriminate  those  signals  which  are: 

1.  Pulsed  rapidly,  compared  with  the  measurement  time  when 
compared  with  the  parent  signals. 

2.  Essentially  the  same  distribution  as  another  signal, 
except  for  nonrepeatable  noise. 

3.  Not  stable  and  repee table  over  the  measurement  time. 

It  is  concluded  that,  although  proof  of  principle  has  been 
established,  the  methods  developed  in  the  present  report  could 
be  profitably  supplemented  by  additional  study.  Topics  of 
interest  would  be: 

1.  Detailed  analysis  of  the  basic  error  rate  equations  to 
determine  needed  corrections,  sensitivity,  and  effect  of 
signal  correlations. 

2.  Analysis  of  more  powerful  curve  fitting  methods,  such  as 
Chebyshev  and  spline  functions  with  inequality  limits. 

3.  Additional  analysis  of  methods  for  incorporating  BER  data 
into  the  solution,  in  addition  to  those  of  Sections  10  and 
11  of  this  report. 

4.  Sensitivity  analysis  of  analytical  expressions  for  a  set 
of  practical  signal  types  to  determine  the  theoretical 
capability  of  the  discrimination  methods  developed  in  this 
study. 

5.  Detailed  study  of  nonlinear  discriminations  methods, 
should  the  results  of  Item  4  above  indicate  such  an 
approach  would  be  profitable. 
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12.2  RECOMMENDAT IONS 

12.2.1  Simultaneous  Measurements 


During  the  course  of  interference  testing  on  the  Baseband  Eye 
Monitor,  it  was  found  that  the  amount  of  time  required  for  the 
dispersion  voltage  to  change  and  settle  to  a  final  value  was 
quite  long.  This  was  particularly  true  when  going  from  a  state 
of  no  interference  to  a  state  of  relatively  high  interference. 
For  example,  consider  a  system  operating  normally  with  a  bit 
error  rate  of  10~12  or  less,  then  suddenly  adding  an  inter¬ 
ference  level  that  would  introduce  a  bit  error  rate  of  10-6. 

The  time  required  for  the  dispersion  voltage  to  settle  at  its 
new  final  value  would  be  in  the  order  of  one  minute  when  the 
countdown  ratio  is  9216.  As  the  countdowa  ratio ‘is  decreased, 
the  time  required  is  less  cue  to  the  change  in  the  time  constant 
of  the  pseudo  error  rate  loop. 

If  a  sinqle  3 EM  i';ut  were  used  to  make  dispersion  measurements 
by  changino  the  countdown  ratio  (say  5  times),  the  interference 
signal  may  well  be  gone  before  a  valid  set  of  dispersion  data 
could  be  obtained. 

For  this  reason  it  is  recommended  that  five  separate  measure¬ 
ments  be  made  simultaneously  from  a  single  BEM  unit.  Naturally, 
this  means  incorporating  much  more  electronics  than  exists  in 
the  present  BEM  unit.  However,  for  practical  application  in  the 
field,  the  use  of  simultaneous  measurements  is  the  only  method 
to  accurately  discriminate  and  identify  interference  types. 

12 .2.2  Hits  Counter 


The  use  of  dispersion  voltage  to  detect  the  presence  of  pulsed 
interference  types  is  not  practical  due  to  the  long  time 
constant  associated  with  the  pseudo  error  rate  loop.  However, 
the  hits  counter  adds  another  iimension  of  detection  and 
discrimination  capability.  Ice  scope  of  this  study  program  did 
not  permit  sufficient  time  and  effort  necessary  to  evaluate  the 
use  of  the  hit  counter  as  a  pulsed  interference  detection 
mechanism.  However,  it  is  recommended  that  follow-on  study  of 
this  capability  be  explored  in  order  to  take  full  advantage  of 
the  detection  capability  of  the  BEM. 

12.2.3  Future  Study 

The  analysis  performed  during  this  study  progtam  provided  a  much 
better  understanding  of  the  statistical  tools  needed  to  discrim¬ 
inate  and  identify  interference  signal  types  other  than  Gaussian 
distribution,  upon  which  the  original  BEM  equipment  was  BASED. 
While  the  basic  proof  of  principle  has  been  established  in  this 
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report,  the  study  effort  also  provided  an  insight  to  further 
methods  that  should  be  explored  for  future  studies  to  further 
enhance  the  work  already  performed  in  signal  discrimination  and 
identification.  A  list  of  recommended  future  study  objectives 
is  shown  below: 

1.  The  analysis  of  more  powerful  curve  fitting  methods,  such 
as  Chebyshev  and  SPLINE  functions  with  inequality  limits. 

2.  Detailed  analysis  of  the  basic  error  rate  equations  to 
determine  needed  corrections,  sensitivity,  and  effect  of 
signal  correlations. 

3.  Additional  analysis  of  methods  for  incorporating  BER  data 
into  the  solution,  in  addition  to  those  of  Sections  10  and 
11  of  this  report. 

4.  Sensitivity  analysis  of  analytical  expression  for  a  set  of 
practical  signal  types  to  determine  the  theoretical 
capability  of  the  discrimination  methods  developed  in  this 
study. 

5.  The  use  of  nonlinear  procedures  for  more  complex  signal 
types,  should  the  results  of  item  4  above  indicate  that 
such  an  approach  would  be  profitable. 

12.2.4  Optimum  Countdown  Ratios 

Based  on  the  analytical  results  and  raw  data  obtained  during 
this  study  program,  five  countdown  ratios  were  selected  to 
provide  the  optimal  signal  discrimination  and  identification 
capability.  The  countdown  ratios  are  9216,  2304,  1192,  288  and 
36.  Further  studies  may  prove  that  the  above  countdown  ratios 
should  be  changed  to  further  optimize  discrimination  results, 
however,  this  is  the  best  information  available  at  this  time. 
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APPENDIX  A 

STRUCTURED  PROGRAM  DOCUMENTATION  FOR  THE 
GENERATION  OF  THE  DATA  BASE 


A-0.0  LFMAIN 


A-O.O-a  Program  Description 


The  main  program  compares  the  K,  M(2),  M(3),  and  M(4),  from  two 
selected  signal  types  and  calculates  the  Z  values  and  the  Z 
average  for  each  selected  combination.  In  doing  so  it  first 
calculates  the  mean  for  each  set  of  moments,  writes  the  means  to 
the  terminal,  calculates  the  S  coefficients  for  each 
simultaneous  equation,  calculates  the  D  values,  (The  right  hand 
side  of  the  equations),  solves  the  simultaneous  equations  for 
the  corresponding  Lamba  values,  and  computes  the  Z  values  for 
each  item  in  the  sample.  These  Z  values  and  the  average  Z  will 
be'  used  as  comparison*  data  to  discriminate  between  known 
interference  signals  and  unknown  data.  The  Z  information  is 
derived  as  follows: 


Zj  *  K/10  +  X^2  M(2)  +  X^3  M(3)  +  X^4  M ( 4 ) 


Z4  *  X41  K/10  +  X42  M(  2 )  +  X43  M{  3)  +  X44  M(4) 
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A-Q.O-b.  HIPO  for  Main  Program  LFMAIN 
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A-l.O-c  PPL  FDR  Subroutine  LFMAIN 

FILL  ARRAY  ’A'  WITH  THE  MOMENTS  FOR  THE  TWO  CASES  TO  BE  EXAMINED 
L  *  1 

DO  UNTIL  L  =  2 
Ml  =  1 

DO  UNTIL  Ml  =  N 
X  =  0.0 
N3  =  1 

DO  UNTIL  N3  =  NUM 

SUM  THE  ELEMENTS  ON  A  ROW 
ENDOO 

FILL  ARRAY  'MEAN'  WITH  THE  ACCUMULATED  SUM 

DIVIDE  EACH  ELEMENT  OF  'MEAN'  WITH  NUM  TO  OBTAIN  THE  MEAN 
OF  THE  ROW 

ENDOO 

ENDOO 

J  =  1 

DO  UNTIL  J  =  2 
1*1 

DO  UNTIL  I  *  NUM 

OUTPUT  THE  MEAN  TO  THE  TERMINAL 

ENDDO 
ENDDO 
P  =  1 

DO  UNTIL  P  =  N 

A- 5 


Q  =  1 


DO  UNTIL  Q  =  N 


X  =  0.0 
1=1 

DO  UNTIL  1=2 
J  =  1 

DO  UNTIL  J  =  NUM 

COMPUTE  X  EQUAL  TO  THE  S  COEFFICIENT  OF  THE 
SIMULTANEOUS  EQUATION . 

ENDOO 

ENDDO 

FILL  THE  'S'  ARRAY  WITH  THE  COMPUTED  S  COEFFICIENTS 
ENDOO 
ENDOO 
P  =  1 

DO  UNTIL  P  =  N 
Q  =  1 

DO  UNTIL  Q  =  N 

FILL  THE  'AS'  ARRAY  WITH  THE  DOUBLE  S  COEFFICIENTS 
ENDOO 
ENDOO 

COMPUTE  D1  AND  D2 
IF  N  =  4 

COMPUTE  D3  AND  D4 
ENDIF 

FILL  THE  'AS'  ARRAY  WITH  D1  THROUGH  D4 
OUTPUT  D1  THROUGH  D4  TO  THE  TERMINAL 


CALL  SOLVE  TO  SOLVE  THE  SIMULTANEOUS  EQUATIONS 


STOP 

END 


A. 1-1.0 

A. 1-1.0. a  Program  Description  for  Program  SGHDD 

This  program  runs  off-line  on  the  Honeywell  Computer  Network, 

( HCN)  and  is  written  in  Fortran  to  establish  the  required  data 
base  from  the  measured  BEM  data  given  in  Section  2.  Reference 
should  be  made  to  paragraph  9.3.2  for  a  discussion  of  the 
algorithms  used.  With  the  programs  of  Section  7,  a'  set  of 
moments  and  a  K  value  (see  Section  5)  the  Z  value  may  be 
computed  for  each  selected  signal  type  and  each  power  level. 

The  data  base  may  be  represented  as  in  Figure  9-4.  With  these 
inputs  to  this  program,  a  data  base  of  constants  can  be 
established  for  each  of  the  28  possible  signal  combinations  by 
exersizing  this  program.  The  output  yield  4  lambda  value,  4  Z 
values  and  an  average  Z  value  for  each  signal.  These  constants 
will  be  used  in  the  operational  program  to  make  comparisons  to 
an  unknown  signal  BEM  data.  The  operation  of  the  off-line 
program  is  discussed  in  Section  10,  paragraphs  10.1.1  and 
10.1.2. 


A.l-l.O-c  PPL  for  Program  SGHDD 
1*1 

DO  UNTIL  1=4 

INPUT  VALUE  INTO  ARRAY  'IN 


ENDDO 
I  =  1 
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A-2.0-a  Program  Description 


Subroutine  ZFORM  computes  the  table  of  Z  values  and  the  average 
Z  from  the  Lambda  Array  and  the  K/10,  2ND,  3RD,  and  4th  moments 
as  follows: 

Z1  =  X11  lQ  +  x12  *(2)  +  X13  M(3)  +  X14  M(  4) 

•  •  •  •  • 

•  •  •  •  • 

•  •  •  •  • 

ZN  =  XN  KNZ  M{  2)  +  XN3  M{3)  +  XN4  M(4) 

These  Z  values  will  be  used  in  the  discriminating  process  and 
are  derived  off  line  for  the  28  combinations  of  the  8  signal 
types. 

A-2 .0-b  PDL  FOR  SUBROUTINE  ZFORM 
OUTPUT  HEADER  TO  TERMINAL 
1  =  1 

DO  UNTIL  1=2 
P  =  1 
SUM  =  0.0 

COMPUTER  FIRST  TWO  TERMS  OF  THE  Z  DISCRIMINATE 
IF  N  =  4 

COMPUTE  3RD  AND  4TH  COMPONENT  OF  Z  DISCRIMINATE 
ENDIF 

COMPUTE  Z  DISCRIMINATE  SUMS 
OUTPUT  SUMS  TO  TERMINAL 
P  -  P  +  1 

COMPUTE  AVERAGE  Z  DISCRIMINATE 

OUTPUT  AVERAGE  Z  DISCRIMINATE  TO  TERMINAL 

ENDDO 


RETURN 


DO  UNTIL  I  =  28 


Z  VALUE  =  0.0 
J  =  1 

DO  UNTIL  J  =  4 

COMPUTE  Z  VALUE  AS  FOLLOWS:  Z  VALUE  =  LAMBDA  (J,I)*IN(J) 
OUTPUT  LAMBDA  VALUE  FOR  Z  PARTIAL  SUM  TO  THE  LISTING 


ENDDO 

PUT  COMPUTED  Z  VALUE  INTO  ARRAY  'ZT' 

OUTPUT  ARRAY  ZT  TO  THE  LISTING 
ENDDO 
1  =  1 

DO  UNTIL  I  =  28 

MAKE  EVERY  2ND  ITEM  OF  A  Z  ITEM  PAIR  EQUAL  TO  THE  COMPUTED  Z 
ENDDO 
1=1 

DO  UNTIL  I  =  56  STARTING  AT  2  AND  VARYING  BY  2 

MAKE  EVERY  1ST  ITEM  OF  A  2  ITEM  PAIR  EQUAL  TO  THE  COMPUTED  Z 
ENDDO 
I  =  1 

DO  UNTIL  I  =  56 

OUTPUT  EACH  ELEMENT  OF  ARRAY  ' ZTI '  TO  THE  TERMINAL 
ENDDO 
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DISCRIMINATE  SIGNAL  TYPE 


GENERATE  AN  ABSOLUTE  DIFFERENCE  ARRAY  WHICH  IS  THE  DIFFERENCE 
OUTPUT  THE  DIFFERENCE  ARRAY  TO  THE  TERMINAL 
ENDDO 

SET  XMIN  EQUAL  TO  THE  1ST  VALUE  IN  THE  DIFFERENCE  ARRAY 
1  =  1 

DO  UNTIL  I  =  56 

FIND  THE  MINIMUM  VALUE  IN  THE  DIFFERENCE  ARRAY  AND  SET  XMIN 
EQAUL  TO  IT 

FORM  A  POINTER  TO  THE  MINIMUM  VALUE 
ENDDO 

OUTPUT  THE  MINIMUM  VALUE  AND  THE  POINTER  TO  THE  TERMINAL 

REQUEST  A  CONFIDENCE  VALUE 

INPUT  THE  CONFIDENCE  VALUE  AS  A  PERCENTAGE 

DETERMINE  PCENT  EQUAL  TO  A  PERCENTAGE  OF  THE  MINIMUM  DIFFERENCE 
PLUS  THE  MINIMUM  DIFFERENCE.  (ESTABLISH  A  BANDPASS) 

1  =  1 

DO  UNTIL  I  =  56 
JSAVE(I)  =  0 

FOR  EACH  VALUE  IN  THE  DIFFERENCE  ARRAY  WHICH  FALLS  WITHIN  THE 
BANDPASS  ESTABLISHED  BY  THE  CONFIDENCE  VALUE,  MAKE  A 
CORRESPONDING  ENTRY  IN  ARRAY  JSAVE 

ENDDO 

PRINT  THE  HEADER 

FOR  EACH  ENTRY  IN  ARRAY  JSAVE,  PRINT  THE  CORRESPONDING  SIGNAL 
TYPE 

STOP 

END 
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APPENDIX  B 


STRUCTURED  PROGRAM  DOCUMENTATION  FOR  THE  SOLUTION 
BY  THE  COLLOCATION  METHOD 


0210-47 


FIGURE  B.l.  HIERARCHY  CHART  FOR  THE  SOLUTION 
BY  THE  COLOCATION  METHOD 


THIS  PROGRAM  PERFORMS  A  CURVE  FITTING  PPOOEFOURF 
USING  ACCUMULATED  DISPERSION  DATA  AM-*  UTILIZING 
THE  COLLOCATION  ‘;Th('0.  TH£  INPUT  UATA  REQUIRED 

is  as  follows  : 


1.  NUMBER  OF  COUNT  DO..N  FACTORS 

2.  lir.  COUNT  OOwN  FACTORS 

3.  THE  MEASURED  DISPERSIONS 


THE  OUTPUT  CUNSISTS  OF  DATA  POINTS  "'HOSE  PLOT  REPRESENTS 
THE  COMPLEHFi^TRY  DISTRIBUTION  FUNCTION  AGAINST  A  NORMALIZED 
RANDOM  VARIABLE  WHOSE  V  AK I ANrE  IS  ONE. 

THIS  SUBROUTINE  READS  THE  INPUT  VALUES  A  <0  CONSTRUCTS  AN  ARRAY  'A' 
COMpuStO  OF  TH£  CUEFFICItMS  OF  w  EQUATIONS  OF  THE  N  TH  ORDER. 

IT  IS  THtSE  EQUATIONS  twUCh  ARE  SOLVED  FOP  ThE  NORMALIZED 
COMPLEMENTARY  DISTRIBUTION  BY  SUoSEQUENT  SUBROUTINES. 


THt  LOUATIONS  ARE  AWRTT,  AT  AS  FOLLOWS  : 

THt  PStUQO  ERROR  RAT  ....  1 1  ON  IS  DEFINED  AS 

P=GU*Q)tQ(0),  WHERE  p  Ic  FOUR  TIMES  ThE  PSEUOO  ERROR  RATE  ,  OR  COUNT 
OOrtM  FACTOR,  and  a  is  KNOWN  parameter  which  is  provide  by  bsm 

MEASUREMENTS  FuR  EACH  SELECTED  P. 

USING  IHt  APPROXIMATION 

£ ( Z ) - .5f  a*Z*b* Z**2*C* i  « * 3  +  J» 7* *9  ,  FOR  N-9  CASE, 

IN  ThE  PSEUDu  ERROR  RATE  FQUAIION  GIVES  the  following  : 

P”l=a(A*0)tb*(A*D)**2+c*(A*D)*»i*j  U*0)**9 


SINCE  A  s/.-rt,  WHERE  a=  (ME ASURED  DISPERSI0n)/1 t .05,  AND-  d=  0.9, 

THEN  A  =(MEASUREo  DISPERSION)/*}. 905. 

DEFINING  G=P-1 ,  THE  EQUATIONS  EVALUATED  AT  9  POINTS  ARE 
GUa(Aita)tblAl*0)**2  +  c(Al*0)**3  +  d(Al*D) 

PLUS  ThREE  OTHER  SIMILAR  EQUATIONS  EVALUATED  AT  THE  OTHER  SELECTED 
POINTS,  A?,  A3,  A9  AnI)  G2»G3,G9. 

THEN  LET  ThE  NEW  UNKNOWNS  t»u,v,w  BF  INTRODUCED  BY  THE  RELATIONS  t 
aD=t 
r>D*  *2  =  u 
cD**3=v 
oD«  *9  =  w 

then  substitution  into  the  g  equations  gives 

Gl=(Ai+l)t+(Al**2+l)u+(Al**3+l)v*(Al**<H-l)w 
G2=(A2+l)t  +  (A2**2M)u,>(A2**3M)vY(A2**9tl)w 
*  5=1  A3+l)t  +  (A3**2+l)ut(A3**3M)vMA3**9  +  l)w 
G-  '*‘M)t*lA9**2+l)ut(A9**3+l)vK(A4**9M)w 
HICh  A»E  FOUR  LINEAR  EQUATIONS  FOR  THE  FOUR  UNKNOWNS  T,U,V,h 
DETERMINED  6T  THE  KNOWN  VALUES  G t , G2, G3 , G4 , A  1 , A2, A3, AO 


B-0.0.  LEAST  SQUARES  METHOD,  ROUTINE  SGHDF6 
B-O.O-a.  Program  Description 
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Prompt 


B-l.O-c  PPL  for  Program  SGHDF6 


ASK  FOR  THE  NUMBER  OF  COUNT  DOWN  FACTORS 
INPUT  THE  NUMBER  (N) 

1=1 

DO  UNIT  I=N 

INPUT  THE  DESIRED  COUNT  DOWN  FACTORS  INTO  ARRAY  'CDF' 

PERFORM  A  DOUBLE  PRECISION  FLOAT  OF  ARRAY  'CDF'  INTO  ARRAY 
'A'  COLUMN  N+l 

ENDDO 

1  =  1 

DO  UNTIL  I=N 

DUPLICATE  ARRAY  'A'  INTO  ARRAY  ' F ' 

ENDDO 

ASK  FOR  THE  INPUT  OF  THE  MEASURED  DISPERSIONS 
1=1 

DO  UNTIL  I=N 

INPUT  THE  MEASURED  DISPERSIONS  INTO  ARRAYS  'M'  AND  'M' 

ENDDO 

DEVELOP  ARRAY  'A'  TO  CONTAIN  T  E  COEFFICIENTS  OF  THE  G  EQUATIONS 
1=1 

DO  UNTIL  I=N 

A  (I, N+l)  =  4 . 0/AC I ,N+1 )  -  1.0 
ENDDO 
J  =  1 


DO  UNTIL  J=N 


1=1 

DO  UNTIL  I=N 

CASE  ENTRY  (J) 

CASE  1 

M{ I )  =  M(I)/9.945 
A(  I , J)  *  M( I)+l  .0 

CASE  2 

A(I,J)  =  M( I ) **2+1 .0 
CASE  3 

A( I / J )  *  M(  I) **  3+1.0 
CASE  4 

A(I,J)  =  M( I) **  4+1.0 

ENDCASE 

IF  N=4 
EXITDO 

END  IF 
IF  J=5 

A(  I , J )  =  M( I ) **  5+1.0 

ENDIF 
IF  J  =  6 

A( I / J)  =  M( I ) **  6+1.0 
ENDIF 

ENDDO 

ENDDO 

ACQUIRE  DATE  AND  TIME 
WRITE  DATE  AND  TIME  ON  LINE  PRINTER 
WRITE  N  ON  THE  LINE  PRINTER 
1=1 
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DO  UNTIL  I  =  N 


WRITE  THE  COUNT  DOWN  FACTORS  ON  THE  LINE  PRINTER 
ENDDC 
1=1 

DO  UNTIL  I=N 

WRITE  THE  MEASURED  DISPERSIONS  ON  THE  LINE  PRINTER 
ENDDO 
1  =  1 

DO  UNTIL  I=N+1 
J=1 

DO  UNTIL  J=N 

WRITE  THE  "A*  ARRAY  ON  THE  LINE  PRINTER 
ENDDO 
ENDDO 

CALL  SGHSV6  TO  SOLVE  THE  SIMULTANEOUS  EQUATIONS  ON  RETURN ,  END 
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B-3.0  DETERMINE  ROOT,  SUBROUTINE  SGHRT6 
B-3.0.a  Program  Description 


This  program  finds  the  root  of  a  polonomial  equation  in  two 
steps  which  are  as  follows: 

1.  Isolates  the  root  by  a  stepwise  search  between  two  num¬ 
bers,  specified  by  the  root  inteval. 

2.  Improves  the  root  to  a  pre-specif ied  accuracy  by  a  Newton 
iteration  procedure. 


The  test  value  accuracy  is  specified  by  variable  Tl,  and  K  is 
the  distance  on  the  Z  nondimensional  axis  to  where  Q  is  reduced 
to  0.01. 
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B-4.0  COMPUTE  Q,  SUBROUTINE  SGHBE6 
B-4.0-a  Program  Description 

This  program  calculates  values  of  the  complimentary  distribution 
function  of  a  normalized  random  variable.  The  nondimens ional 
random  variable  X  is  incremented  by  a  step  function  from  0.0  to 
0.5  by  an  increment  of  0.01.  The  complimentary  distribution 
function  is  printed  out  on  the  line  printer  for  each  value  of  X. 
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B-4.0-C  PDL  for  Subroutine  SGHBE6 


Write  header  on  line  printer 
K=0 

Do  until  K=SO 
V  =  K/10 

Call  SGHVY6  to  calculate  Q 
ENDDO 

Call  SGHMON  to  compute  the  moments 
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B-5.0 


COMPUTE  MOMENTS  SUBROUTINE  SGHMOM 


B-5.0-& 


rvo«iram  Description 


THIS  SiMKiluTlNt  IS  PARI  OF  ThE  BE*  DISPERSION  ANALYSIS, 
l  SI 'Li  |HH  lFaST  SQUARES  FIT  METHOD.  IT  COMPUTES  THE  MOMENTS 
uF  OU)t  TnE  COVPLF.VE.'JIRY  PROBABILITY  DISTRIBUTION 
FU  ;r  TIi.".,  AS  A  FUNCTION  OF  ThE  NORMALIZED  DISPERSION 
v  n  L  T  A  H  l  F  0"  n  E  D  A  T  A  , 


I h i s  POb» a:*.  PcRfnwvs  LINEAR  AND  nonLInEap  PATTERN 
kEl^G'-I  Tio...  IFChf  I-i.UtS.  IT  nAS  BEEN  CONCLUDED  THAT  THE 
USE  IF  L  i  N  c.  A  *<  I'ISCRIM.vAlES  wOuLD  SUFFICE  FOR  SIbNAL 
I  Dt  1  l  F  t  C  A  I  I  ON .  THE  DISCRIMINATE  WHICH  aAS  SELECTED 
a  AS  Tut  of)  TS  OF  THE  (HZ)  CURVES. 

1  Ht  '.lv,F  ns  A  R  F  L’EF  I  nEd  a  s  : 

*  -  W.  INTEGRAL  UF  2*Q(.Oo 2  EVELUATEO  FROM  0  rn  infinity 

m(iO  =  I  jTERkAL  of  ((Z-»‘ k*K)*Q(Z)dZ  FOR  K=l,?,3, . 

EVALUATE)  FROM  o  TO  INFINITY. 

A  H  f  R  t  <\  =  1  ,  &  ,  3  . . 


* 


* 

j 


I*  ' 
(» u 
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TITLE:  COMPUTE  MOMENTS  COMPUTES  M,  THE  2ND,  3RD 

AND  4TH  MOMENTS 


B-6.0  DISCRIMINATE  SIGNAL,  SUBROUTINE  SGHDIS 
B— 6 . 0—a  Program  Description 


This  program  discriminates  between  an  unknown  signal  and  one  of 
the  eight  signal  types  studied.  This  is  done  by  determining  a  z 
value  for  the  unknown  signal  by  multiplying  the  computed  K, 

M(2),  M(3),  and  M(4)  by  each  set  of  lambda  values  and  deter¬ 
mining  the  computation  which  most  closely  matches  one  of  the 
eight  known  signal  types  studied.  A  confidence  value  is  input 
to  establish  a  band  pass  for  comparison  purposes.  The  value  is 
expressed  as  a  percentage.  A  10  percent  confidence  would  be 
input  as  110..  The  decimal  point  is  required. 
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B-6 . 0-b  HIPO  for  Subroutine  SGHDIS 
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TITLE :  DISCRIMINATE  SIGNAL  TYPE  Determine  which  of  the 

8  possible  signal  type 
most  clearly  matches 


B-6.0-C  PDL  for  Subroutine  SGHDIS 


1=1 

DO  UNTIL  1=4 

INPUT  VALUE  INTO  ARRAY  'IN 
ENDDO 
1=1 

DO  UNTIL  1=28 
Z  VALUE  =0.0 
J=1 

DO  UNTIL  J=4 

COMPUTE  Z  VALUE  AS  FOLLOWS:  Z  VALUE  -  LAMBDA  (J,I)*IN(J) 
OUTPUT  LAMBDA  VALUE  AND  PARTIAL  SUM  TO  THE  LISTING 
ENDDO 

PUT  COMPUTER  Z  VALUE  INTO  ARRAY  'ZT' 

OUTPUT  ARRAY  ZT  TO  THE  LISTING 
ENDDO 
1=1 

DO  UNTIL  1=28 

MAKE  EVERY  2ND  ITEM  OF  A  Z  ITEM  PAIR  EQUAL  TO  THE  COMPUTED  Z 
ENDDO 
1=1 

DO  UNTIL  I  =  56  STARTING  AT  2  ND  VARYING  BY  2 

MAKE  EVERY  iST  ITEM  OF  A  2  ITEM  PAIR  EQUAL  TO  THE  COMPUTED  Z 
ENDDO 
1=1 
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DO  UNTIL  1=56 


OUTPUT  EACH  ELEMENT  OF  ARRAY  'ZTI'  TC  THE  TERMINAL 
ENDDO 

INPUT  THE  SELECTED  Z  LIST  TO  BE  USED  FOR  COMPARISON 
1=1 

DO  UNTIL  1=36 

GENERATE  A  ABSOLUTE  DIFFERENCE  ARRAY  WHICH  IS  THE  DIFFERENCE 
OUTPUT  THE  DIFFERENCE  ARRAY  10  THE  TERMINAL 

ENDDO 

SET  XMIN  EQUAL  TO  THE  1ST  VALUE  IN  THE  DIFFERENCE  ARRAY 
1=1 

DO  UNTIL  1=56 

FIND  THE  MINIMUM  VALUE  IN  THE  DIFFERENCE  ARRAY  AND  SET  XMIN 
EQUAL  TO  IT 

FORM  A  POINTER  10  THE  MINIMUM  VALUE. 

ENDDO 

OUTPUT  THE  MINIMUM  VALUE  AND  THE  POINTER  TO  THE  TERMINAL 

REQUEST  A  CONFIDENCE  VALUE 

INPUT  THE  CONFIDENCE  VALUE  AS  A  PERCENTAGE 

DETERMINE  PCENT  EQUAL  TO  A  PERCENTAGE  OF  THE  MINIMUM  DIFFERENCE 
PLUS  THE  MINIMUM  DIFFERENCE  (ESTABLISH  A  BANDPASS) 

1=1 

DO  UNTIL  1=56 
JSAVE( I ) =0 

FOR  EACH  VALUE  IN  THE  DIFFERENCE  ARRAY  WHICH  FALLS  WITH  THE 
BANDPASS  ESTABLISHED  BY  THE  CONFIDENCE  VALUE,  MAKE  A 
CORRESPONDING  ENTRY  IN  ARRAY  JSAVE 


ENDDO 


PRINT  THE  HEADER 

FOR  EACH  -  ENTRY  IN  ARRAY  JSAVE ,  PRINT  THE  CORRESPONDING  SIGNAL 
TYPE 


STOP 


B-7.0  CALCULATE  Q,  SUBROUTINE  SGHVY6 

B-7.0-a  Program  Description 

This  program  computes  a  numerical  value  of  Q 


B-7.0-C  PPL  for  Subroutine  SGHVY6 


Q=0 .0 

1=1 

DO  UNTIL  I=N 

Q  =  Q+A(I,N+1)/D9**I*(V**I) 
ENDDO 

Q  =  0.5  +  0 
RETURN 
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APPENDIX  C 

STRUCTURED  PROGRAM  DOCUMENTATION  FOR  THE  SOLUTION 
BY  THE  LEAST  SQUARES  METHOD 


C-l 


THIS  PROGRAM  PERFORMS  A  CURVE  FITTING  PROCEEDURE 

USING  ACCUHULATED  OISPERSION  DATA  AND  UTILIZING 

THE  LEAST  SQUARES  APPROXIMATION  METHOD.  THE  INPUT  DATA  REOUIRED 

IS  AS  FOLLOWS  : 


1.  NUMBER  OF  COUNT  DOWN  FACTORS 

2.  THE  ORDER  OF  THE  EQUATION 

3.  THE  COUNT  DOWN  FACTORS 

4.  THE  MEASURED  DISPERSIONS 

THE  OUTPUT  CONSISTS  OF  DATA  POINTS  WHOSE  PLOT  REPRESENTS 
THE  COMPlEMENTRY  DISTRIBUTION  FUNCTION  AGAINST  A  NORMALIZED 
RANDOM  VARIABLE  WHOSE  VARIANCE  IS  ONE. 

THIS  SUBROUTINE  READS  THE  INPUT  VALUES  *NO  CONSTRUCTS  AN  ARRAY  'A* 
COMPOSED  OF  THE  COEFFICIENTS  OF  N  EQUATIONS  OF  THE  N  TH  ORDER. 

IT  IS  THESE  EQUATIONS  WHICH  ARE  SOLVEO  FOR  THE  NORMALIZED 
COMPLEMENTARY  DISTRIBUTION  BY  SUBSEQUENT  SUBROUTINES. 


THE  EQUATIONS  ARE  ARRIVED  AT  AS  FOLLOWS  I 
THE  PSEUDO  ERROR  RATE  EQUATION  IS  DEFINED  AS 

P»Q(A*D)tQ<D).  WHERE  P  IS  FOUR  TIMES  THE  PSEUDO  ERROR  RATE  *  OR  COUNT 
DOWN  FACTOR#  AND  A  IS  A  KNOWN  PARAMETER  WHICH  IS  PROVIDE  BY  BEM 
MEASUREMENTS  FOR  EACH  SELECTED  P- 

USING  THE  APPROXIMATION 

Q(Z)*.5+4*Z*b*Z**2*c*Z**3*a«***4  »  FOR  THE  N*4  CASE# 

IN  THE  PSEUDO  ERROR  RATE  EQUATION  GIVES  THE  FOLLOWING  l 

P“l*a(A*0)*b*( A*D)**2+c*(A*D)**3*d*(A*D)**4 


SINCE  A  *«/d.  WHERE  «*(MEASURED  DISFERSION)/11.05#  AND  d*0.9# 

THEN  A  ((MEASURED  DISPERS'lON>/9.945. 

DEFINING  G«P-1.  THE  EQUATIONS  EVALUATED  AT  4  POINTS  ARE 
Gl*4<Al*D)*b(Al*D)**2*c<Al*D)**3*d(Al*D)**4 

PLUS  THREE  OTHER  SIMILAR  EQUATIONS  EVALUATED  AT  THE  OTHER  SELECTED 
POINTS.  A2.A3.A4  AND  G2.G3.G4. 

THEN  LET  THE  NEW  UNKNOWNS  t.u.v.w  BE  INTRODUCED  BY  THE  RELATIONS  t 
•0*t 
bD**2su 
eD**3*v 
dO**4*w 

THEN  SUBSTITUTION  INTO  THE  G  EQUATIONS  GIVES 

Gl*(Al  +  m*(Al**2*l)u*(Ai**3M)v*(At**4tl)w 

G2s(A2*l)t+(A2**2*l)u+(A2**3*l)v+(A2**4fl)w 
G3s(A3+l)t*(A3**2+l)u*(A3**3*l)v*(A3**4tl)w 
G4*(A4+l)t+(A4**2+l)u+(A4**3+i)v+( A4**4t 1 ) w 
WHICH  ARE  FOUR  LINEAR  EQUATIONS  FOR  THE  FOUR  UNKNOWNS  t#Q«V»W 
DETERMINED  BY  THE  KNOWN  VALUES  61.62. 63. G4. Al. A2.A3* A4 


C-1.0  IMPLEMENT  MAIN,  PROGRAM  SGHSQ1 
C-l.O-a  Program  Descript  ion 


TITLE:  MAIN  PROGRAM  SGHSQ1  3.  Prepare  data  matrix  for  the 

solve  program 


C— 10— c  PPL  for  Program  SGHSQl 


1  =  1 

DO  UNTIL  1=8 
ZERO  ARRAY  ' C* 

ENDDO 
I  =  1 

DO  UNTIL  1=8 

ZERO  ARRAY  'M'&'G' 

ENDDO 
I  =  1 

DO  UNTIL  1=8 

ZERO  ARRAY  'A','F'  ,'BVT' 

ENDDO 

ASK  FOR  COMMENT  LINE 
INPUT  COMMENT  LINE 

ASK  FOR  K,  THE  NUMBER  OF  COUNT  DOWN  FACTORS 
INPUT  K 

ASK  FOR  N,  THE  ORDER  OF  THE  EQUATION 
INPUT  N 

ASK  f  'R  THE  COLUMN  OF  COUNT  DOWN  FACTORS 
I  =  1 

DO  UNTIL  I  =  K 

READ  A  COUNT  DOWN  FACTOR  INTO  ARRAY  'G' 

DUPLICATE  ARRAY  ’ G ’  AS  THE  KTH+1  COLUMN  OF  ARRAY  ' F ' 
CHANGE  EACH  ELEMENT  OF  ARRAY  ' G '  TO  BE  4/G-l 


ENDDO 


ASK  FOR  THE  MEASURED  DISPERSIONS 
1=1 

DO  UNTIL  I  =  K 

INPUT  A  MEASURED  DISPERSION  INTO  ARRAY  'D' 

ENDDO 
I  =  1 

DO  UNTIL  I  =  K 

MAKE  ARRAY  'N'  EQUAL  TO  ARRAY  'D'/9.945 
ENDDO 
I  =  1 

DO  UNTIL  I  =  N 
0  =  1 

DO  UNTIL  J  =  N+l 

MAKE  ELEMENT  OF  ARRAY  'A'  =  0 
ENDDO 
ENDDO 
L0=1 

DO  UNTIL  L0=N 
Ll  =  l 

DO  UNTIL  L1=N 
1  =  1 

DO  UNTIL  I=K 

A( LI , LQ ) =A( L1/L0 )  +  ( M( I ) **  LO  +  1 )  +  ( M( I ) **  Ll+1 
ENDDO 


ENDDO 


ENDDO 


1.1=1 

DO  UNTIL  L1=N 
1=1 

DO  UNTIL  I=K 

A(L1,N+1)=A(L1,N+1)+(G(I)*(M(I)**L1+1 

ENDDO 

ENDDO 

OUTPUT  THE  COMMENT  LINE  TO  THE  LINE  PRINTER 
GET  THE  TIME  AND  DATE  FROM  THE  OPERATING  SYSTEM 
WRITE  THE  TIME  AND  DATE  ON  THE  LINE  PRINTER 
WRITE  N  AND  K  ON  THE  LINE  PRINTER 
1=1 

DO  UNTIL  I=K 

WRITE  THE  COUNT  DOWN  FACTORS  ON  THE  LINE  PRINTER 
ENDDO 
1  =  1 

DO  UNTIL  I=K 

WRITE  THE  MEASURED  DISPERSIONS  ON  THE  LINE  PRINTER 
ENDDO 
J  =  1 

DO  UNTIL  J=N+1 

WRITE  MATRIX  'A'  BY  COLUMNS 
ENDDO 

CALL  SGHSV6  TO  .?OLVE  THE  SIMULTANEOUS  EQUATIONS 
END 
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03.0  DETERMINE  ROOT,  SUBROUTINE  SGHRT6 
C-3.0-a  Program  Description 


This  program  finds  the  root  of  a  polonominal  equation  in  two 
steps  which  are  as  follows: 

1.  Isolates  the  root  by  a  stepwise  search  between  two  num¬ 
bers,  specified  by  the  root  inteval. 

2.  Improves  the  root  to  a  pre-specif ied  accuracy  by  a  Newton 
iteration  procedure. 


The  test  value  accuracy  is  specified  by  variable  Tl,  and  K  is 
the  distance  on  the  Z  nondimensional  axis  to  where  Q  is  reduced 
to  0.01. 


C-9 


C-4.0  COMPUTE  Q,  SUBROUTINE  SGHBE6 
C-4.Q-a  Program  Description 

This  program  calculates  values  of  the  complimentary  distribution 
function  as  a  function  of  a  normalized  random  variable.  The 
nondimensional  random  variable  X  is  incremented  by  -a  step 
function  from  0.0  to  0.5  by  an  increment  of  0.01.  The  compli¬ 
mentary  distribution  function  is  printed  out  on  the  line  printer 
for  each  value  of  X. 
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C-4.0-C  PPL  for  Suoroutine  SGHBE6 


WRITE  HEADER  ON  LINE  PRINTER 
K=0 

DO  UNTIL  K=  3 0 
V=K/10 

CALL  SGHVY6  TO  CALCULATE  Q 
ENDDO 

CALL  SGHMON  TO  COMPUTE  THE  MOMENTS 


05.0  COMPUTE  MOMENTS,  SUBROUTINE  SGHMOM 
C-5.0-a  Program  Description 


THIS  SUBROUTINE  IS  PART  OF  ThE  BEM  DISPERSION  ANALYSIS,  USING 
THE  LEAST  SQUARES  FIT  METHOD.  IT  COMPUTES  THE  MOMENTS  OF  Q( Z) , 
THE  COMPLEMENTRY  PROBABILITY  DISTRIBUTION  FUNCTION,  AS  A 
FUNCTION  OF  THE  NORMALIZED  DISPERSION  VOLTAGE  FOR  BEM  DATA. 

THIS  PROGRAM  PERFORMS  LINEAR  AND  NONLINEAR  PATTERN  RECOGNITION 
TECHNIQUES.  IT  HAS  BEEN  CONCLUDED  THAT  THE  USE  OF  LINEAR 
DISCRIMINATES  WOULD  SUFFICE  FOR  SIGNAL  IDENTIFICATION.  THE 
DISCRIMINATE  WHICH  WAS  SELECTED  WAS  THE  MOMENTS  OF  THE  Q(Z) 
CURVES. 

THE  MOMENTS  ARE  DEFINED  AS: 

M  =  THE  INTEGRAL  OF  Z*Q(Z)OZ  ELEVLUATEL  FROM  0  TO  INFINITY 

M(R)  =  INTEGRAL  OF  ( ( Z-M) * *K) *Q( Z ) OZ  FOR  K=l,2,3, . 

EVALUATED  FROM  0  TO  INFINITY. 

WHERE  K=1 ,2,3...... 
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TITLE:  COMPUTE  MOMENTS  COMPUTES  M,  THE  2ND,  3RD 

AND  4TH  MOMENTS 


C-6.0  DESCRIMINATE  SIGNAL,  SUBROUTINE  SGHDIS 
C-6.0-a  Program  Description 


This  program  discriminates  between  an  unknown  signal  and  one  of 
the  sight  signal  types  studied.  This  is  done  by  determining  a  Z 
value  for  the  unknown  signal  by  multiplying  the  computed  K, 

M( 2 ) ,  M( 3 ) ,  and  M ( 4 )  by  each  set  of  lambda  values  and  deter¬ 
mining  the  computation  which  most  closely  matches  one  of  the 
eight  known  signal  types  studied.  A  confidence  value  is  input 
to  establish  a  band  pass  for  comparison  purposes.  The  value  is 
expressed  as  a  percentage.  A  10  percent  confidence  would  be 
input  as  110..  The  decimal  point  is  required. 
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Input  I  Process  |  Output 


C-6 . 0-b  HIPO  for  Subrotine  SGHDIS 
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C-6.0-C  PPL  for  Subroutine  SGHDIS 
1=1 

DO  UNTIL  1=4 

INPUT  VALUE  INTO  ARRAY  'IN 
ENDDO 
1  =  1 

DO  UNTIL  1=28 

Z  VALUE  =0.0 
J=1 

DO  UNTIL  J=4 

COMPUTE  Z  VALUE  AS  FOLLOWS:  Z  VALUE  =  LAMBDA ( J  ,  I ) *  IN ( J ) 
OUTPUT  LAMBDA  VALUE  AND  Z  PARTIAL  SUM  TO  THE  LISTING 
ENDDO 

PUT  COMPUTED  Z  VALUE  INTO  ARRAY  !ZT* 

OUTPUT  ARRAY  ZT  TO  THE  LISTING 
ENDDO 
1=1 

DO  UNTIL  1=28 

MAKE  EVERY  2ND  ITEM  OF  A  Z  ITEM  TAIR  EQUAL  TO  THE  COMPUTED  Z 
ENDDO 
1  =  1 

DO  UNTIL  1=56  STARTING  AT  2  AND  VARYING  BY  2 

MAKE  EVERY  1ST  ITEM  CF  A  2  ITEM  PAIR  EQUAL  TO  THE  COMPUTED  Z 
ENDDO 
1=1 

DO  UNTIL  1=56 

OUTPUT  EACH  ELEMENT  OF  ARRAY  ' ZTI ’  TO  ThE  TERMINAL 
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ENDDO 


INPUT  THE  SELECTED  Z  LIST  TO  BE  USED  FOR  COMPARISON 
1=1 

DO  UNTIL  1=36 

GENERATE  AN  ABSOLUTE  DIFFERENCE  ARRAY  WHICH  IS  THE  DIFFERENCE 
OUTPUT  THE  DIFFERENCE  ARRAY  TO  THE  TERMINAL 

ENDDO 

SET  XMIN  EQUAL  TO  THE  1ST  VALUE  IN  THE  DIFFERENCE  ARRAY 
1=1 

DO  UNTIL  1=56 

FIND  THE  MINIMUM  VALUE  IN  THE  DIFFERENCE  ARRAY  AND  SET  XMIN 
EQUAL  TO  IT 

FORM  A  POINTER  TO  THE  MINIMUM  VALUE 
ENDDO 

OUTPUT  THE  MINIMUM  VALUE  AND  THE  POINTER  TO  THE  TERMINAL 

REQUEST  A  CONFIDENCE  VALUE 

INPUT  THE  CONFIDENCE  VALUE  AS  A  PERCENTAGE 

DETERMINE  PCENT  EQUAL  TO  A  PERCENTAGE  OF  THE  MINIMUM  DIFFERENCE 
PLUS  THE  MINIMUM  DIFFERENCE.  (ESTABLISH  A  BANDPASS) 

1  =  1 


DO  UNTIL  1=56 
JSAVE( I ) =0 

FOR  EACH  VALUE  IN  THE  DIFFERENCE  ARRAY  WHICH  FALLS  WITHIN  THE 
BANDPASS  ESTABLISHED  BY  THE  CONFIDENCE  VALUE,  MAKE  A 
CORRESPONDING  ENTRY  IN  ARRAY  JSAVE 


ENDDO 

PRINT  THE  HEADER 

FOR  EACH  ENTRY  IN  ARRAY  JSAVE,  PRINT  THE  CORRESPONDING  SIGNAL 

TYPE 

STOP 

END 
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C-7.0  CALCULATE  Q,  SUBROUTINE  SGHVY6 

C-7.0-a  Program  Description 

This  program  computes  a  numerical  value  of  Q 
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C-7.0-C  PDL  for  Subroutine  SGHVY6 
Q=0 . 0 
1=1 

DO  UNTIL  I=N 

Q=Q+A(I,N+±)/D9**I*(V**I) 

LNDDO 
G=0 . 5+0 
RLTUKN 
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APPPENDIX  D 


DETAILED  PROGRAM  LISTINGS 


DO  'J^TIL  (I.GT.O) 

GO  TO  9007 

9ooc  continue 
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DEvEtOP  ARRAY  «A*  TO  CONTAIN  ThE  COEFFICIENTS  OF  ThE  G  EQUATIONS. 
*HICH  APE  ARRIyEO  AT  AS  FOLLOWS  s 

THE  COEFFICIENTS  OF  THESE  EOUATIONS  APE  ARRA^GEO  IN  THIS  OROE* 
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AS  C  'A  RENUMBERING  OF  EQUATION'S  MLL  9E  NECESSARY  IF,  AT  ANY 
UU  C  STAGE,  the  COEFFICIENT  OF  X(«)  in  THE  K’TH  equation 
«5  C  IS  2ERO. 
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MISSION 

of 

Rome  Air  Development  Center 

KAVC  plant  and  executes  research,  development,  test  and 
selected  acquisition  ph.oqh.oim  in  support  of  Command,  Control 
Communications  and  Intelligence  (C3I)  activities.  Technical 
and  engineering  supponrt  within  aAeas  of  technical  competence 
<s  provided  to  BSD  Program  Offices  ( POs )  and  other  ESV 
elements.  The  principal  technical  mission  areas  one 
communications,  electromagnetic  guidance  and  control ,  sur¬ 
veillance  of  ground  and  aerospace  objects,  intelligence  data 
collection  and  handling,  information  system  technology, 
ionospheric  propagation,  solid  state  sciences,  microwave 
physics  and  electronic  reliability,  maintainability  and 
compatibility. 


